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Preface 



Comer a colleague and boldly ask, "What goes on behind your methods class 
door? What methods do you use to teach your students about science teaching and 
learning?" Be prepared, however, for the artful dodge which comes in many 
forms — program descriptions, activities for teaching science concepts or skills, 
a Hstingof the methods course topics, a defence of priorities, curriculum reforms, 
and so on. While these "dodges" are extremely important issues, they do not 
always describe the "how" or techniques of methods instruction. 

For reasons best left unexamined here, we science educators tend to be 
somewhat apprehensive about not only describing what we do in our methods 
courses but asking others to do likewise. We warn to know but arc afraid to ask 
or reveal. The task for this Yearbook was to boldly ask, bbek the dodge, and crack 
open some methods class doors. The authors who described their methods of 
methods teaching in this book have courageously allowed us a look into their 
classrooms. What wc sec through their classroom doors arc answers to questions 
such as: 

How do you teach your students to design and authentically assess learning 
cycle instruction? 

What techniques do you use to teach about thematic instruction and the 
intcgraiion of science and non-science subjects? 

What methods and materials do you use to teach about classroom manage- 
ment and cooperative learning? 

How do you creatively teach about constructivism and associated educa- 
tional practices? 

What do you do or have your students do which improves their attitudes 
toward science, scientific investigations, and science teaching? 

How do you teach your students to effectively ask questions, initiate and 
sustain authentic dialogue, select appropriate science activities, and create 
and recreate portfolios? 

Eleanor Duckworth, in a classic article. "The 1 laving of Wonderful Ideas," 
describes how her extensive study in Geneva with Fiagct had not prepared her for 
creative curriculum development. The theory she was most familiar with was not 
automatically translated into effective practice. Teachers and educators who were 
goal directed, but not working from formalized theory, were able to create science 
instruction which excited children and engaged them in "the havingof wonderful 




BEST COPY AVAILABLE 



ideas." I n other words, Duckworth reminded us that development need not always 
progress fnrn theory into practice, but can nnd often does progress from practice 
into theory. This yearbook has been an attempt to find the bits and pieces of 
practical pedagogy (practices, if you will) which might find direct implementa- 
tion in methods classes, which might stimulate new ideas for practice, and which 
might inform theories of science teacher education. 

One of the objectives of this Yearbook was to encourage a large number of 
professors from a broad array of colleges and universities to describe their 
methods of teacher education. To that end, the science education community at 
Urge was in\ itcd to submit proposals. Papers were solicited from individuals 
\\ hose proposals focusscd on methods of teacher education. The papers were 
assessed and recommendations for revisions were made. A revised set of papers 
were then "blindly" reviewed by panel of science educators (see 
acknowledgements). Each paper was reviewed by three people. Obviously, 
rc\ lexers did not review their own papers. Comments from the reviewers and 
editor scr\ed to guide revisions of selected papers. The final set of papers was 
chosen In the editor tor inclusion in the Yearbook. 
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Teaching Elementary Teachers How to 
Use the Learning Cycle for Guided 
Inquiry Instruction in Science 



One way for elementary, middle, and high school teachers to exemplify the 
current reform in science education is to teach science viathc Learning Cycle (e.g. 
Lawson, Abraham, & Renner, 1 989). Effective use of the Learning Cycle offers 
teachers continuing opportunities to recognize students' prior knowledge and 
alternative conceptions, and to provide learning experiences which help students 
to revise alternative notions as well as to develop entirely new concepts through 
a constructivist-bascd instructional model. 



One of our goals as elementary science methods instructors is to teach 
students how to use the Learning Cycle. Our purpose in this article is to describe 
how we introduce elementary science methods students to the Learning Cycle as 
a teaching model. The principle that we follow is first to model the teaching we 
want students to eventually carry out, and then describe the characteristics of the 
teaching which we have modeled. Because the Learning Cycle is a guided inquiry 
model based on constructivist principles, wc introduce students to the Learning 
Cycle through a scries of guided inquiry activities that constitute several Learning 
Cycles. In short, our students first experience the Learning Cycle in action prior 
to a formal introduction of its rationale and structure. 

In addition to achieving our primary purpose, this experience enhances 
students' understanding of the science concepts that form the context for 
introducing the Learning Cycle. Through the activities described below, we take 
the students through three Learning Cycles as they experience phenomena of 
electricity, invent definitions of closed and open circuits, apply these concepts, 
invent definitions of scries and parallel circuits, and discuss applications for such 
circuits. The origins of the activities arc undoubtedly in the Batteries and Bulbs 
unit of the post-Sputnik curriculum Elementary Science Study (Educational 
Development Center, 1 966). Current versions of Elementary Science Study units 
arc now published by Delta Education. 

Wc utilize the five-stage version of the Learning Cycle - Engage, Explore, 
Explain. Elaborate, and Evaluate - which was developed by BSCS tor its new 
elementary (BSCS, 1992) and middle school (BSCS, 1994 a,b,c) science cur- 
ricula. The BSCS staff refer to this version as the Instructional Model. The 
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original Learning Cycle, developed by Robert Karpius and his colleagues for 
Science Curriculum Improvement Study \ SOS, consists of ihree stages, Explora- 
tion, Invention, and Discovery. Karpius and his co-workers (1977) renamed the 
three stages as Exploration, Concept Invention, and Concept Application for 
Science Teaching and Development of Reasoning, a set of workshop materials 
developed for improving high school science instruction. The stages in the 
Karpius models correspond to the middle three segments of the BSCS Instruc- 
tional Model. The first and last stages in the BSCS Instructional Model, Engage 
and Evaluate, were added to the Karpius models to make a more complete cycle. 
The Engage stage is used to capture students' attention and determine their 
understanding prior to beginning instruction; the Fvaluatc stage is used to assess 
what students have learned following instruction. 



Setting the stage, we tell students in this segment of the course that they will 
learn how to design and carry out guided inquiry science lessons according to a 
specific teaching model. Moreover, they will use this model to teach their lessons 
in class and then in their field experience sites. We tell students that we will 
introduce them to the teaching model by modeling it, with us as teachers and them 
as students. 

We begin by asking the question, * What is the most difficult, least under- 
standable area of science for you?" Responses vary, but r.tudents often name, 
"Physics!" We continue by asking, "What is the most difficult part of physics?" 
Again, a frequent response is, "Electricity!" We then dangle the bait with a 
chal lenge, "So you believe that electricity is perhaps very difficult to understand. 
If we can show you how you can understand electricity in a meaningful way and 
also teach electricity to elementary school youngsters in a meaningful way, then 
would you believe that you can understand and teach almost any concept in 
science, because almost everything else must surely be easier to understand and 
teach than electricity?" Again responses vary. A few students agree; most remain 
noncommittal. More important, we have captured their attention, and learned a 
great deal about their prior knowledge in science and science education, two 
important purposes of the Engage phase of the Learning Cycle. 



Beginning this phase, we direct students to work in two- or three-person 
teams with a goal of arranging a D-cell, a flash light bulb, and a length of wire so 
the bulb lights. We distribute a D-ccll, a flash light bulb with one end of a 30cm 
length of copper wire wrapped around its base, and several small squares of blank 
paper lo each team. Students must draw a diagram of each arrangement tried on 
a separate piece of paper and label it 'yes 1 or 'no' as to whether or not the 
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arrangement lights the bulb. To get them started, we often hold up the D-cell, 
bulb, and wire so that the D-ccll docs not touch the bulb or wire and ask, "Does 
this arrangement light the light? Here is one that you can draw and mark 'no'.*' 
Students spend 15 minutes trying various arrangements. We move about the 
room, asking questions, offering advise, and giving suggestions but few, if any, 
answers. 

When students have exhausted their ideas for arranging and testing the D- 
ccll, wire, and bulb, we ask for their attention and give the following direction, 
"One person from each team should put all the drawings marked 'yes' on the table 
marked 4 yes.' Another member of each team should place all drawings marked 
*no' on the table marked 4 no\" Students then go to the tables, inspect ihe 
drawings* and identify common elements among the arrangements that light the 
bulb or fail to do so. They spend about 10 minutes examining the drawings, 
searching for patterns in the data, testing questionable arrangements with their 
own materials, and discussing their ideas about why some arrangements light the 
bulb, whereas others do not. This concludes the Explore phase. 



Beginning the Explain phase, we involve students in an interactive question- 
answer session which focuses on identifying common elements of specific 
arrangements which light or fail to light the bulb. Asking a scries of questions, 
we direct them to construct a description of an arrangement which lights the bulb 
and to use only vocabulary that a second or third grader would typically use in a 
description. Two students act as vocabulary referees, judging the sophistication 
of the words used in the description. We write thcirdescription on thcchalkboard 
as they develop it. There is always a great deal of discussion among the students, 
and the referees sometimes throw out complicated words. Consequently, there 
is considerable modification of the description as it is developed on the chalk 
board. An example of a completed description is: "One end of the wire touches 
one end of the battery. The other end of the wire touches the yellow base of the 
bulb. The silver tip on the base of the bulb touches the other end of the battery." 

Students agree that this is a description of an arrangement that will light the 
bulb. We then challenge them to develop a conceptual description based on their 
specificdcscription of how the items arc arranged. Students usually struggle with 
this task, and to get them started we ask, "What docs the wire represent?" 
Responses vary, but someone usually says that the wire is a route or a path. We 
wait specifically for someone to mention the word 'path.' We then ask students 
to modify their first description so as to include the concept of a path. Again, 
students alter the original description through discussion, and we write the new 
description on the chalk board as they develop it, being careful not to erase the 
original description. An example of the revised description follows: "There must 
be a path around the battery from one end to the other end of the battery. The bulb 
must be in the path." 
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When we arc sat ; . t ed with the description, we label it as a closed circuit, and 
we discuss the cr ,,cept. We then ask students to explain why the arrangements 
on the ' -* ..*dle fail to light the bulb. They usually point out very quickly that 
the path around the battery is broken or not complete. We immediately write this 
idea on the board and label it as an open circuit. Then we discuss their definition 
of an open circuit as a modification of their definition of a closed circuit. 

Our experiences with preservice elementary teachers have clearly demon- 
strated that, although they now understand a closed circuit as a complete, 
unbroken path around a battery and an open circuit as an incomplete, broken path 
around a battery, they have little or no notion as to how the bulb is pan of the path. 
Thus, our next question is, "How is the bulb part of the path?*' Usually no one 
knows, so we suggest that they find out by examining the close, much larger 
relativcoftheirsmall bulb, a40-watt light bulb. We then distribute a 40-watt bulb 
and a hand magnifier to each team. The glass of each 40-watt bulb is already 
broken so the insides of the bulbs can be easily viewed, We direct students to 
inspect the wires and to find out where the wires go as they disappear inside the 
base of the bulb. More discussion follows, and students point out that one wire 
touches the metal base of the bulb, whereas the other wire attaches to the metal 
tip at the bottom of the bulb. The two wires are connected above the base by a very 
thin wire. We sketch a drawing of a bulb on the chalk board. If the students do 
not identify the thin wire as the filament, then we do so. Students use hand 
magnifiers to verify that their small bulb is built like the larger one. At this point, 
students are able to point out the path of wires through the bulb and to explain why 
the metal base and tip of the bulb arc part of the path. This concludes the Explain 
phase. Perhaps 45 minutes have elapsed since this phase began. 

Thus far, we have focused on introducing closed and open circuits as we, or 
they, may Jo in an elementary classroom. At this point, we redirect the focus 
toward the Learning Cycle as an instructional model by asking, "Why did we use 
the past 60 or so minutes to introduce closed and open circuits when we simply 
could have directed you to read the definitions of closed and open circuit in a 
science textbook? Reading the definitions and then discussing them might take 
perhaps 10- 15 minutes. Why did wc spend all the extra time?" Svudents usually 
point out the need to util izc hands-on science activities to introduce processes and 
concepts to elementary school students. They frequently mention Piaget's theory 
and point out how much more interesting hands-on instruction is for youngsters. 
We ask, "If the mcaningof closed and open circuitsdid not come from a textbook, 
then where did the meaning come from?" In the discussion that follows, the 
students acknowledge and reflect that they constructed the meaning through their 
activities and discussions. At this point they often express an awarenessthat we, 
as teachers, were guiding them toward that end, but they did not realize it during 
the lesson. We always point out that we only supplied the terms 'closed circuit' 
and 'open circuit.' 

Our next scries of questions focuses students* attention specifically on their 
role as students and our role as teachers during the Explore and Explain stages of 
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the Learning Cycle. We ask, "What did we as teachers do during the light-the- 
bulb activity? Also, what did we not do?" Students typically point out that we 
asked a lot of questions and listened to them. Also, we encouraged them to keep 
thinking, try new alternatives, and talk to one another. They note that we did not 
answer their questions, give definitions, or put words into their mouths. Then we 
ask, "What did you as students do? What did you not do?" Students respond that 
they talked, explored, asked each other lots of questions, laughed, and struggled. 
Also, they point out that they sometimes became frustrated and embarrassed 
when they could not light the bulb, and then became excited when they were 
successful. Students tell us that they did not receive much information from us 
and did not 1 isten to lectures, memorize definitions, or read bori ng books. We then 
repeat these questions, asking students to focus on teacher and student roles 
beginning with the inspection of the drawings (start of the Explain phase) and 
ending with the introduction of the terms 'open circuit' and 'closed circuit (end 
of the Explain phase).' Regarding teacher roles, students point out that we 
encouraged them to explain ideas in their own words. Also we continuously 
referred to actions and data, not abstract concepts, in asking our questions. 
Regarding student roles, students respond that they d< cribed and explained their 
ideas to each other and to us, used the activities to de . elop explanations, and did 
a lot of difficult thinking and reflecting. 

Emerging from this discussion arc students' descriptions of teacher and 
student roles for the Explore and Explain stages. At this point we introduce the 
term 'Explore' in terms of student and teacher roles during initial light-the-light 
activity, then define it as experiences which provide a foundation for developing 
students' comprehension of a concept. Then we introduce the term 'Explain* in 
terms of student and teacher roles and define it as the stage following Explore in 
which the teacher clarifies the concept and introduces vocabulary terms associ- 
ated with the meaning of the concept. 

At this point, we return to our initial question about electricity being such a 
difficult idea to understand. We often ask, "Have you learned anything new about 
electricity?" Many students respond that they did not understand circuits or how 
light bulbs work until now. Next we ask. "What did you think about our challenge 
that if you could understand and teach electricity, then you could understand and 
teach almost any tb : ng in science?" Students often reply that they thought we were 
joking, that there was absolutely no way that we, or anyone, could make 
electricity comprehensible. We then often ask, u OK, but did we get your 
attention?" Students usually. reply that we did and frequently offer one of two 
reasons. They state that they were intrigued by the challenge rcgardingclcctricity 
or that they knew that they must design and carry out inquiry science lessons. At 
this point, we introduce the term * Engage' for first stage of the Learning Cycle, 
define it as an event or question related to the concept that the teacher plans to 
introduce. Next, we review and discuss the Engage, Explore, and Explain stages 
in terms of their sequence, the questions and activities done thus far, and the 
appropriate as well as inappropriate teacher and student roles in each phase. 
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Finally, we introduce the term 'Learning Cycle' and define it as a five-stage 
instructional model. We point out that we have already modeled the first three 
stages. Two more stages remain to be modeled. 

Elaborate 

As a transition, we ask students to speculate as to what the nature of the yet- 
to-be-introduced stages could be. A goodc jestion is, "Thus far, we have captured 
your attention in Engage, provided you with a concrete, activity-based foundation 
for developing the concepts of closed and open circuits in Explore, and clarified 
the meaning and introduced the term for the concept in Explain. What other 
elements of high quality teaching and learning have we not yet Jone and could be 
carried out following Explain?" Students' most common response is the 
application of newly introduced concepts to familiar, everyday situations. At a 
more general level, students express akeen interest in usingscience to addrcssand 
solve individual, communal, and societal problems. We capitalize on their 
comments and point out that teaching students how to apply knowledge to new 
problems, although often taken for granted, is a fundamental goal of science 
education. We emphasize that, if application of knowledge is an important goal, 
then as teachers we must teach specifically for application of knowledge. 
Moreover, we note that they have just described the next stage of the Learning 
Cycle, and we introduce the name Elaborate, identify it as the stage following 
Explain, and define it as a set of experiences for building students* understanding 
of concepts by applying the concepts to new situations. 

At this point, we refocus students' attention on the application of closed and 
open circuits, saying, "As we proceed through the next activity, reflect not only 
on the application of circuits, but also on the characteristics of this activity in 
terms of its place in the Learning Cycle." We distribute a file folder to each team. 
The folders have six metal notebook brads (labeled A,B,C,D,E,F respectively) 
sticking out as shown in Figure 1 . The folders are taped shut so that they cannot 
be opened easily. We tell the students, "The metal brads may be connected by 
wires in some manner inside the folders, Work in your team to test for 
connections with your D-ccll, bulb, and copper wire. Record your data for each 
possible connection on a piece of paper. Develop a model of a circuit diagram 
based on your data and draw the diagram on a piece of paper." Students must use 
their newly constructed concepts of closed and open circuits to do this task. They 
typically spend about 10-15 minutes collecting data and developing a circuit 
diagram. We move about the room, a^ain asking questions, offering advice, and 
giving suggestions but not answers. 
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A 



B 



c 



D 



E 



F 



Figure I. Diagram of the outside of a file folder circuit board. 

When all groups have constructed a possible circuit diagram, we pick up two 
drawings of circuit diagrams which are different. Then wc ask students to help 
us write a summary of their test data on the board. A typical summary is shown 
in Figure 2. Each connection is marked *+* or V depending on whether or not 
it lights the bulb. We then draw the two collected circuit diagrams on the 
chalkboard and ask students for their thoughts and opinions. Students in other 
teams often point out that their own teams constructed diagrams identical to one 
of the two shown on the board. Sometimes a third alternative is presented. 
Students usually ask questions about which d : agram is correct. If they do not ask. 
we ask them if they think that only one is correct. They often reply affirmatively. 
We then take students through an examination of the !wo circuit diagrams with 
respect to the data; they realize that both circuit diagrams are consistent with the 
data. At this juncture we point out an important characteristic of inference as a 
process skill, namely that the circuit diagrams are inferences from the data and 
that more than one inference may be consistent with data. If students have 
generated only two circuit diagrams, we then challenge them to identify twelve 
additional circuit diagrams which are consistent with this data. As students 
develop new diagrams, we draw them on the chalkboard. All circuit diagrams arc 
presented in Figure 3. This activity requires perhaps 30 - 40 minutes. 

Atthispoint,werercc"sonthcL/ ^mingCyclcasatcaching model. Because 
we have already introduced the term 'Elaborate' and defined it, we center again 
on student and teacher roles. The students generate lists of appropriate and 
inappropriate teacher and student roles. These roles arc then discussed exten- 
sively. This concludes the 'Elaborate 1 phase. 



AB 


+ BC 


+ CD 


DE 


EF 


AC 


+ BD 


CE + 


DF 




AD 


BE 


+ CF - 






AE 


+ BF 








AF 











Figure 2, A summary of student data on their examination of potential 
connections inside the file folders. 
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Evaluate 

If students have not yet mentioned evaluation in their speculations above, we 
ask, "What else should a teacher do at this point?" Usually someone will respond 
that the teacher needs to find out what students have learned. If not, we typically 
ask, "If you were us, what would you do to assess how well your fellow students 
understand circuits?" Responses vary, but students typically mention papcr-and- 
pcncil tests. An extensive discussion then occurs rcgardingpapcrand pencil tests. 
We ask questions such as, "What can y^u assess with papcr-and-pencil tests? 
Could you do well on a paper-and-pei. il test and still not understand the 
concepts? Could you understand the concepts and not do well on a paper-and- 
pcncil test? What else could you do that might be a more authentic assessment?" 
Many issues are discussed, including learning styles, matching goals with 
instruction and evaluation, and the need for authentic assessment. Based on our 
experiences with these discussions, it seems clear to us that doing hands-on 
activities as a means of evaluation is a novel concept for students. 

We then introduce the term k Evaluate', describe it in terms of the activities 
that we are discussing, and define it as the final stage in the Learning Cycle in 
which students do activities that help the teacher to examine their students' 
understanding of the concept. Next we ask students to generate a list of possible 
assessment strategics that represent a multifacctcd evaluation. An extensive 
variety of activities is generated and examined in the ensuing discussion. These 
activities emphasize writing, speaking, doing, attending to different learning 
styles, and provide avenues for triangulation of their results. 

Our cvaluat ion of students' comprehension of the Learning Cycle focuses on 
our primary goal, to enhance students' understanding of the Learning Cycle 
model and their ability to design and carry out Learning Cycle instruction. 
However, introducing the Learning Cycle by modeling it has afforded us ample 
opportunities to examine their understanding of closed and open circuits. The 
extensive interaction and student talk has allowed us to listen while the students 
tell each other and us what they know about circuits during the Engage, Explore, 
Explain, and Elaborate stages. Moreover, we have also made several informal 
assessments regarding their knowledge of the Learning Cycle. Wc ask students 
to describe what they have learned about circuits and about the Learning Cycle 
by writing in their journals, which are an on-going part of the course. 

At this point, wc turn our attention to designing and teaching Learning Cycle 
lessons in partial fulfillment of their field experience associated w ith the science 
methods course. Students carry out the assignment in phases, with their work in 
each phase being evaluated. First, they must choose and obtain approval of a 
science concept appropriate to the grade level of their field experience students. 
Then, they design the instruction itself according to the five-stage Learning 
Cycle. This segment includes preparation of lesson plans and materials lists. 
Next, students peer teach their lessons in the methods class. Peer teaching 
sessions arc video taped and followed immediately by self critiques and sugges- 
tions from us and from ' ."How students. Finally, students revise and teach these 
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lessons in field experience classrooms in local schools. The lessons arc evaluated 
by the classroom teacher whose students experience the lessons, by us, and by the 
methods students themselves. Thus, the assessment is an authentic one. 



At this point, the students have experienced one complete Learning Cycle. 
Our modeling of the Learning Cycle continues, but now we ask students to think 
specifically about a teacher's role as they do the activities that follow. For 
example, we say, "As you do the following activities, think about them in terms 
of the stages of the Learning Cycle and in terms of a teacher's role, Identify what 
you do during the Engage, Explore, Explain, Elaborate, or Evaluate phases." 

We then distribute a second bulb, a second D-cell, two bulb holders, Mid three 
additional pieces of copper wire. We direct students to tape the two D-cclls 
together end-to-end, unwrap the first copper wire from its bulb, put the bulbs into 
the bulb holders, and construct an arrangement so as to light both bulbs at thesame 
time. Almost immediately, students identify this as an Elaborate activity. 
Working with individual groups as they create a successful arrangement, we ask 
students to take one light out of the circuit. Most groups build a scries circuit, so 
the second light ceases to shine when the first bulb is removed. We ask, "How 
many paths are present in this circuit?" Students usually answer, "One." Our r.ext 
question is, "Would you please trace the path with your finger?" They usually 
respond quickly and successfully. Then we ask, "Why does the second light go 
out when you remove the first light from the circuit?" The typical answer is that 
the path is broken when the first bulb is removed from its holder. Next we ask for 
a description of this arrangement. A typical answer is: "There is only one path 
around the battery; both bulbs arc in the path." If no one has already volunteered 
the name, we then introduce the term 'series circuit' to describe this arrangement 
and ask, "Having finished the activity, what stages of the Learning Cycle best 
describe it?" Many students reconsider their earlier choice and now identify it as 
an Expiore and Explain activity. In the following discussion, we point out how 
Elaborate as a stage can quickly become Explore followed by Explain. 

In a final activity, we direct the group to develop an arrangement such that, 
when one bulb is removed, the other bulb continues to shine. By now students 
often say, "What are you going to introduce now? Here comes another Explore." 
Our response to such a question is, "Try to anticipate. Tell us what your ideas are 
before we actua'ly introduce the term." We move about the room offcrring 
assistance and advice as the groups work. Students quite often struggle with this 
task. Sometimes groups set up two separate circuits, each with a single light in 
its own path. When this occurs, we direct them to try an arrangement in which 
only two wires touch the batteries. When one or two groups achieve success, we 
have their members demonstrate their arrangements to the others. In doing so, a 
student removes one bulb from its holder and traces the path of the electricity for 
the second bulb. The student then replaces th< first bulb, removes the second bulb, 
and traces the path of the electricity again. Other "roups then build an 
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arrangement 1 ike the one just demonstrated. When each group has built and tested 
its arrangement, wc ask, "How is the path of this circuit different from the series 
circuit that you built earlier?" Students typically point out that the other bulb 
continues to shine because, although some wires are shared, each bulb has itsown 
path. We then ask ifcanyone knows the name of this kind of circuit. Sometimes 
students tell us that this is a parallel circuit. If they don't, then we introduce the 
term 'parallel circuit' and define it according to the students' descriptions. 

In the discussions that accompany and follow these activities, students 
mention several applications of series and parallel circuits. A frequent example 
is a string of Christmas tree lights as a parallel circuit. We point out that we are 
old enough to remember Christmas tree lights in series. We tell students about 
the instance in which the fii st aut hor's father became so frustrated in trying to find 
the bad bulbs in a string of series Christmas tree lights that he tossed the lights into 
the trash. 

A Concluding Reflection 

Wc judge much of our success as teachers in terms of our students' 
achievement. Our extensive experiences with elementary science methods 
students have taught us that a primary element in our students' eventual success 
in designing and carrying out Learning Cycle instruction, and consequently our 
own success as teachers* is our willingness to model the teaching that wc want our 
studentsto implement. Wethinkofthisashonoringtheprinciplcsofcpnstmctivism 
upon which the Learning Cycle is founded. 
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Helping Preservice Teachers Master 
Authentic Assessment for the 
Learning Cycle Model 



Educators are creating a revolution in assessment by insisting that assess- 
ments document the ability of students to act on information, not simply their 
ability to recall information. This revolution is calling for reform of standardized 
and instructional practices in assessment. This paper addresses only one small 
component of evaluation and assessment: those practices that occur in the process 
of instruction that inform the teacher of the students' current knowledge and 
schema of the topic at hand. 1 review the purposes of assessment, many tools that 
can aid teachers to easily document the eurrcnt understandings and skills of their 
students, and some methods course strategics that have helped preservice 
teachers apply these assessment practices in their first practicum experience. The 
strategics arc designed to simplify assessment and decrease the amount of 
paperwork required of teachers while increasing their intimate knowledge of 
what goes on inside the heads of each of their students. I also describe how I help 
preservice teachers acquire these skills. My preservice teachers typically use a 
Learning Cycle Model for their lesson designs. Consequently, strategics for 
authentic assessment are presented within the context of this Learning Cycle 
Model. 



Traditionally, assessment referred to the documentation produced which 
provided feedback to students, administrators and parents on performance, both 
normative (how individual students compare to each other) and criterion- 
referenced (how they performed related to the goals and expectations of the 
course). Assessment typically occurred after instruction and was a separate 
component of the educational process. You might have noticed that 1 left 
"teachers" out of the audience ascribed to traditional assessment practices, I 
justify that omission because, relatively speaking, teachers usually already know 
how their students perform in relation to each other and their criteria. The tests 
simply document this teacher knowledge for others. 

Sever il developments make the traditional form of assessment limiting lor 
modern teachers. 

I . The demands to prepare students with options to pursue either a scientific 
profession, scientific political effectiveness, or public scientific literacy 
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require more effective use of limited class time. Traditional assessment 
techniques require development time that competes with the instructional 
demands placed upon teachers, and the results are rarely used in a formative 
manner. 

2. "Our present-day Western European society is geared to developing self- 
motivating individuals with high-esteem who can cope with an unknown 
future characterized by a deluge of new information" (Davis; 1980). 
Teachers are beginning to shift from expectations of prescribed, predicted, 
and coerced outcomes towards indicators of adaptive, creative, and effective 
behaviors in their students. Traditional assessment practices often look only 
for indication that the students have acquired prescribed information. 

3. Educators are increasingly accepting a constructivist learning philosophy. 
For the purposes of this article, I will define contructivism simply as the 
belief that students actively construct their personal understandings (images 
or schema) by modifyingtheir prior schema rather than receiving knowledge 
intact from an instructor. Every student enters an experience with a unique 
schema, and instruction must provide multiple entry points so that all 
students can engage and modify their current schema if necessary. Teachers 
must actively elicit students' schema and invite students to act upon them. 
Traditional assessment strategies do not provide this ongoing information 
during the process of instruction. 

Therefore, effective instruction requires that teachers acquire immediate 
information on students' understandings in order to continuously modify and 
manage the learning environment. 



With that requirement in mind (acquiring immediate information on stu- 
dents' understandings), 1 am restricting my definition of authentic assessment in 
this paper to "assessment in service to instruction". Therefore, authentic 
assessment is the determination and documentation of students' current under- 
standings so that teachers might better address students' immediate needs. It 
could be considered a form of micro-assessment since it is continuous and 
formative. However, with proper documentation, authentic assessment practices 
can result in the collection of a portfolio of documents which can then be used for 
normative or criterion-reference purposes. 

Authentic assessment is sometimes referred to as "nested assessment". It 
should be distinguished from the broader definitions of alternative assessment 
(roughly anything other than a multiple-choice or standardized test) and perfor- 
mance assessment (assessment that requires students to perform an activity, 
usually applying several combinations of process skills or problem solving 
strategics). It should also be distinguished from other definitions of authentic 
assessment (which some people refer to as assessing any skill that is used 
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authentically within a profession) primarily by the distinction that it should occur 
within the actual instructional activities, not as a separate activity. 

A Brief Definition of Learning Cycle Model (LCM) 

This article presents the authentic assessment strategies within the context of 
the learning cycle model. Although the literature contains numerous variations, 
a learning cycle model approach generally contains five stages. It begins with an 
initial engagement phase which activates studenr interest and elucidates students ' 
prior knowledge or schema for the concept. This is followed by an exploratory 
phase in which the student interacts with the objects to gain an intuitive sense of 
the phenomenon in question. The third phase usually includes guided discoveries 
during which the students "invent or discover concepts" that give meaning to the 
experiences of the exploratory phase. It may also include a separate phase of 
experimentation, during which students use complex process skills to create and 
validate new knowledge. Finally, the students apply their newly learned concepts 
and skills in additional contexts to practice them and to extend the range of their 
usefulness (Gallagher, 1979; Murphy, 1989). The result is a somewhat flexible 
sequence including engage, explore, discover, experiment, and extend. The 
learning cycle model is widely used and accepted as an effective instructional 
model in science education. 

The learning cycle model is also a valuable sequence for exploring unfamil- 
iar phenomena along with your students. In situations where the teacher knows 
nothing of the accepted knowledge about a phenomenon, both the teacher and the 
students focus upon the application of process skills, collaborative social behav- 
iors, and critical thinking to collectively construct shared understandings. 

Authentic Assessment Within the Learning Cycle Model 

Thelearningcycle model approach demands that teachers engage in continu- 
ous informal assessment of student understandings. Table 1 provides an insight 
into the nature of those assessments. 



Brief descriptions of these assessment tools are provided below. Most of the 
examples come from effective practices contributed by Alaskan teachers who are 
actively involved in the Alaska Science Consortium (a professional development 
effort guided by Alaskan teachers and funded in part by NSF, UAF, and member 
school districts). 

Concept Webs 

Concept webbing is a connected collection of words that represent one's 
understanding of the relationship between ideas. It is more analogous to a road 
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Table I 

Assessment considerations for the Learning Cycle Model 



LCM Stage 


Assessment Purpose 

The teacher wants to be able to; 


Assessment Type 


Engage 


Determine each student's preconceptions 
in order to provide effective multiple 
entry points for exploration. If neces- 
sary, these can be documented (see list 
to the right) to serve as baseline 
information from which to assess 
growth. 

Facilitate engagement (as each student 
needs to find some way of activating his/ 
her current schema in relation to the 
upcoming experiences). 


Concept webs 
Prior knowledge charts 
Journal entries (fast- 
writes) 
Discrepant events 


Explore 


Document the students' use of elementary 
process skills of science. 

Recognize and improve the students' 
abilities to interact with peers and the 
phenomenon in a variety of modes. 


Process skills checklists 

Journal entries 

Drawings 

Observation notes 

Center activity documentation 

Measurements and recording 


Discover 


Determine the degree of conceptual 
change in the students {students 
illustrate this by creating concrete and 
verbal models of their schema). 

Determine if more explorations are 
necessary. 

Identify student-generated testable 
questions for inquiry-based experi- 
ments. 

Reinforce behaviors that elicit and respect 
alternative explanations and ways of 
knowing. 


Revisiting concept webs 
Draw pictures, create 

models 
Update "what we know, 

what we want to know. 

and what we found 

out" lists 
Interviews 
Journal entries 


E.-periment 


Document the students' ability to use the 
complex process skills of refining 
testable questions, identifying and 
controlling variables, collecting, 
analyzing, and interpreting data, and 
drawing conclusions 


Analytical trait scales 
Self assessments 
Procedure reports 


Extend 


Determine if the student can transfer the 
new understandings (either in a new 
context or in ways which benefit 
society). 

Facilitate new interests in students as they 
extend their original schema, (serves as 
"opener" instead of lesson "closure"). 


Creative drama, art and 
writing activities 

Career identification 

Inventions and science 
olympiad challenges 

Actual products which are 
of use to the student 
or his/her community 


AH stages 


Document the students' thoughts and 
processes as they attend to relevant 
projects and activities. 


Learning logs 
Group performance checklists 
LCM Analytical Trait Tools 
PorHolios and video portlolios 
Anecdotal records 
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map than to a dichotomous key. It is a piece of private thought made public for 
revision and review. Concept webs have the following advantages: 

• They permit a variety of "right" answers to surface. 

• They permit the comparison of student understanding to expert 
knowledge. 

• They improve everyone's understanding as we search for personal 
meaning 

• They illuminate preconceptions. 
Ways to initiate concept webs: 

• provide relevant terms and ask students to web their understanding of the 
relationships between those terms. 

• have students help you to create a simple web on the board. Let them 
brainstorm terms and direct you with information on where to place those 
terms and why. 

For example, a teacher might ask students lo share all that they know about 
buoyancy. As the students begin to brainstorm about this subject they might make 
some of the following statements: 

• "Some things float, some sink." 
"Light things float, heavy things sink." 

• "I think if it's heavy it can float if you put it in a big boat." 

• "Arc we talking about things that float on air, too?" 

• "Things float on top of the water, but they float in the middle of the air." 
"Some things float until the water gets over their edge and then they 



The teacher might prod more information from these statements by asking 
open-ended questions. The following phrases are useful tools for teachers: 

• "Tell me more about what you mean by that statement." 

• "Do you mean? If not, what do you mean?" 

• "How do we explain the fact that we seem to be able to get some heavy 
things to float?" 

• "Do we all agree that we don't quite know the relationship between 
floating on water and floating in air?" 

During these discussions the following web (Figure 1) might be created on the 
board: 



sink. 
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Figure 1. Student concept web regarding buoyancy. 

From these discussions the teacher might infer that the students have had 
many experiences with buoyancy. They know that some things do float, some do 
sink, and they suspect that it has something to do with size and weight. They are 
not using the concepts of mass and density, but they have questions that can be 
answered with this knowledge. The students are also curious about the buoyancy 
issues in fluids such as air. Consequently, the teacher hasa better idea of the range 
of educational experiences that will provide a comfortable entry point for these 
particular students. 

I find that my prescrvice teachers need many experiences with concept webs 
before they recognize their value. 1 try to create sample concept webs with them 
every time that they begin to discuss science concepts. As they share their ideas 
for units to develop for their own instruction we stop and make a concept web of 
our understandings as teachers of those concepts. As they see how easily webs 
arc constructed and how much informal information webs provide, they become 
more willing to use them informally in their own classrooms. 

Prior Knowledge Charts 

1 encourage my prescrvice teacher, to poll their students in the engagement 
phase on what they know and what they want to find out about the topic. After 
the lesson, they take a tally on what their students learned in the discovery phase. 
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Some people call these (Table 2) the What? (engage) That's what! (discover) and 
So what? (extend) charts. 

Table 2 

Prior Knowledge Chart 



What we already know: 


What we want to find out: 






What we learned: 





Discrepant Events 

A discrepant event is generally a demonstration which presents a phenom- 
enon that cannot be adequately explained by the student's current schema or level 
of understanding. For example, a teacher initiating a unit on buoyancy (sink/ 
float) in a primary classroom might begin by asking the students to predict 
whether or not an orange will float; next they test their predictions with a hands- 
on activity. The teacher then peels the orange and repeats the predictions and 
tests. Now some students realize that making the orange lighter did not make it 
more buoyant as they predicted, thus providing a discrepancy for their current 
schema. As the students grapple with the ways in which they verbalize their 
schema on buoyancy, the teacher documents their preconceptions cither as a 
concept web, a "what we know chart", or a simple list. If the students all predicted 
that making the orange lighter would make it float higher, ihcy might make the 
following statements: 

♦ "I guess heavier things don't always sink more than lighter ones." 

* "It's like you took off its life jacket."* 

♦ "The inside is like a rock; the outside is like j balloon." 

• "Can we call the skin the orange's boat?" 
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This informal ion, along with information that was collected in earlier discussions 
(see my examples under the "concept webs" section), might lead to a "What we 
know" chart (Table 3). 

Table 3 

What we know chart 



What we already know: 


What we want to find out: 


Some things sink; some float. 

Light things float better than heavier things. 

Some things float naturally. You can make 

sinking things float by putting them in a 

boat or a life jacket. 


Do things float in the air the same way they 

float in the water? 
How are natural flotation, life jacket, and 

boat buoyancy alike/different? 


What we learned: 


Sinking and floating doesn't always depend upon weight. Some things that are heavier float 
better than things that are lighter. It might depend on the size and the weight. 



This information now allows teachers to provide experiences that directly 
address the readiness of their students. They might be prepared with a center in 
which they compare the mass of three objects that float (one naturally, one in a 
life jacket, and one in a boat-like piece of foil). They could design this center so 
that all of these objects arc the same mass, thus encouraging the discovery that an 
object and its life jacket (or its boat) acts like one object. Further experiences will 
lead them to the discovery that both mass and relative density effect buoyancy. 

Observation Notes 

Observation notes (Table 4) arc formatted to prompl elementary students to 
attend to more detail as they observe new phenomenon. 

Center Responses 

Many teachers create "worksheets" for students to use at centers. These 
guide the students through particular activities and aid them as they record their 
thoughts and results. The following example (Table 5) would be used at a center 
where differently colored salt water solutions of different densities arc explored. 

Draw Pictures, Create Models and Templates 

The ability to identify and use models which portray or simplify scientific 
realities is one of the most complex tasks facing scientists. It represents the 
student's ability to combine the quantitative aspects of mathematics within the 
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reflection. The format looks like this; 



(variable) 


going up or down? 


(variable) 




going up or down? 


In use the table looks like this: 




age 


child adult 


age: going up or down? ft 


healing rate 


high lower 


healing rate: going up of down? 0 



The chart is effective because it permits the learner to set work out and record a 
few cases and then refer 10 the evidence in looking for the pattern. 

A further extension of this study of trends permits students and teachers to 
investigate two-factor effects and analyze the relative influence of two separate 
conditions on a specified outcome. If, for example, we consider the "spaghetti 
spiciness" as the outcome that is of interest, then two contributing variables that 
could be considered arc the amounts of garlic and orcgano used in the sauce. For 
simplicity, and there arc certainly more complex variations available, we'll 
consider only some ordinary set volume of spice in each case, and the options of 
"with garlic" or "without garlic," and "with oregano" or "without orcgano." This 
leads us to four possible combinations, and students arc asked to work out what 
those combinations are. 

Up to this point the format looks like this: 

Outcome of interest: spiciness of the spaghetti sauce 

• Variables: garlic and orcgano 

Possibilities: garlic + garlic- garlic- garlic + 
orcgano - orcgano + orcgano - orcgano + 

The next step is to place those possibilities in order from least spicy to most spicy, 
starting with the extreme cases, 

order: garlic - garlic + 

orcgano - orcgano + 

Tnis leaves the analytical task of determining which of the other factors is more 
influential in determining spiciness, since each of the other remaining, unused 
options includes one but not the other of the spices. When that determination is 
made, we can return to the line in the format in which the variables arc listed 
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(garlic and orega' d) and mark the one we have determined as more influential 
(under these conditions). In each case the range of normal values dicta..s the 
range over which we consider the variables, unless we specify another range. I 
recommend a gentle pace for this lesson segment so that time is allowed to discuss 
the importance of specifying the range, if appropriate. 

We complete simple two factor sets to gain familiarity with the thought 
processes involved. Simple examples include: 

1. An outcome of spelling grade in relationship to the difficulty of the words and 
to time spent studying, 

2. Anoutcomcof distance between footprintsin relationship to the hcightofthc 
runner and to the speed of the runner, and 

3. An outcome of average annual temperature in relationship to latitude and 
altitude. 

More difficult relationships occur where the content is less familiar, and where 
one of the relationships is direct and the other inverse. 

In sonic cases these discussions lead to consideration of what is causal and 
what is simply coincident. Other extensions of the lesson involve graphing data 
from some of these relationships, and comparing trends that differ in slope, 
intercept, or range. 

Preservice Teachers Plan Lessons with Trends 

Prcscrvice teachers take these experiences and apply them in lesson plan- 
ning, and in teaching lessons in their field placements. Examples of trends can 
be found within the grade level curriculum in science throughout the school years. 
In tmc assignment the prcscrvice teachers in my methods course read and respond 
to the school district curriculum guidelines for the location andgradc level of their 
upcoming placement. One of their tasks within that assignment is to identify, 
within the recommended science content, variables that demonstrate a trend 
relationship. If desired, a grade level list of usable trends can be extracted from 
their papers. 

When prcscrvice teachers prepare lesson plans to teach about a trend, the 
pacing of lessons should be guided by consideration of students' familiarity with 
the concepts and variables involved. In many cases it will be appropriate to 
provide a hands-on investigation and perhaps the collection of data, before 
analyzing a trend. 



Lesson segments dealing with the teaching of cycles can also involve the pre- 
service teachers in higher-order thinking. Within cooperative groups, prc-servicc 
teachers are asked to develop a mcansof depicting cycles. For (his lesson segment 
I have used both (a^ salmon population through a few years at a particular stream 
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and (b) the speed of an automobile racer on an oval track through several laps. It 
would also be possible to ask each group to consider a different cycle, for 
example: 

1. rainfall at a location for several years (observed by the month) 

2. • gcrbil-minutes in the wire wheel over a week of observations (observed each 

hour) 

3. depth of trash in the container in the lunchroom over a week 

4. number of children on the school bus, over its route, repeated several days 

The preservice teachers then explain these representations to their peers and draw 
their representations on the blackboard. 

After sharing, groups arc challenged to use another group's graphic form to 
show their own cycle in a different way. This use of cooperative groups also 
demonstrates its potential to slow students down, increase accuracy of interpre- 
tations, and encourage reflection, evaluation, and communication. 

Among the most familiar cycles in the curriculum arc the life cycles of plants 
and animals, the watcrcycle, day anJ night, seasons, breathing, migration, ocean 
waves, tides, and the rock cycle. Cycles from social studies have also provided 
extensions of these lessons, and openings for students to develop lesson plans for 
their fieldwork that assist children in examining and representing cycles. 

At lower grades non-numerical representations of cycles, such as a sche- 
matic diagram of an insect's life cycle or an illustration of the sequence of phases 
of the moon, are more appropriate than representations calling for the interpreta- 
tion of numerical information. 

When discussions of cycles lead to graphing, comparisons of graphs can 
contribute to teaching the concepts of period, minimum, and maximum. Further 
discussions of cycle graphs can lead to comparisons between cycles in terms of 
these values. For example, is the cycle of daily air temperature (night and day) 
more extreme or less extreme than the cycle of monthly average high tempera- 
tures? By examining the cycle of pennies in your pocket, can you determine the 
maximum number? Is the pattern similar for women and for men? If not, why 
not? 

The shapes of v *yclc graphs will also vary , with gradual and rapid changes and 
relatively more- regular or less regular changes. The graph of the number of socks 
in the laundry basket has a gradual part and a rapid change part. Is the increase 
gradual or rapid? Is the decrease gradual or rapid? Why? Why is tlu decrease 
of lemmings in its population cycle rapid? Why isthc period of change of political 
control of the U.S. Presidency irregular? 

In investigating cycles we have the opportunity to describe systematic 
changes. Wccome to know the forces that bring about those changes through the 
evidence they leave. We have the opportunity to make inferences about cause and 
effect. Students who have engaged in this kind of analysis of trends and cycles 
will be able to distinguish between these patterns. A final pattern of changes is 
also important in children's science learning, 
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Random Events 

Many changes in science show random influences. These occurrences a/e 
seldom studied in the elementary science curriculum, yet in understanding 
scientific evidence it is important to consider the possibility that data do not 
reflect a trend or cycle, but rather a random pattern. 

Again, experience with real examples assists preservicc teachers as well as 
their students in later recognizing novel cases of random outcomes. Familiar 
childhood examples occur in games children play, including dice games and the 
nonverbal games "Scissors, Paper, Rock" and "Guess the Hand with the Stone." 
Familiar instances of random outcomes in science are found in genetics simula- 
tions. Here, even though the overall average outcomes can be predicted, 
individual outcomes arc unpredictable. 

Experiences with random outcomes can assist children in developing the 
scientific attitude of acceptinguncertainty. This is an underdeveloped attitude in 
children, and in many adults. 

Applications of Patterns of Change in Lesson Planning 

Throughout these experiences with patterns of change, content examples are 
drawn from life, earth, and physical sciences. Small cooperative groups of pre- 
servicc teachers construct two sets of trend, cycle, and random examples: one 
drawn from their own experience, and another set of examples drawn from 
common childhood experiences. These examples are available for them to use as 
they plan to introduce the same concepts to children. 

Toward the end of the term, as preservicc teachers plan a unit of science 
instruction, they choose a theme that can be supported by the unit content and 
express that theme in their lessons. The unit planning assignment is complex, and 
integrates essentially all of the pedagogy taught in the methods course. Within 
this assignment the preservicc teacher identifies one of a list of themes that his or 
her unit will support. Then lessons arc constructed to support the learning of the 
unit content and also to exemplify the theme. 



The above presentation of Patterns of Change as a theme in science 
instruction is intended as an example. Trends, cycles, and random events can 
appear and reappear throughout the curriculum at a grade level, and serve to bind 
together units of instruction that might otherwise have an isolated aspect. Where 
a theme is incorporated into the curriculum, the units of instruction take on an 
extra importance as sources of examples to support the larger idea of the theme. 

The theme can be present as a modest part of a given unit. Still, the 
cumulative effect of repeated experiences with the theme reappearing in life, 
^arth , and physical sciences during various topics taught du ring the year assist the 
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child in developing a "superstructure" of meaning. That background is available 
as the child experiences new content. Because the learner experiences this "big 
idea" of science in varied forms it may be possible to begin to generalize and use 
the idea in new contexts. 

Additional themes suggested in the Science Framework for California 
Public Schools (California Department of Education. 1990) include energy, 
stability, scale and structure, evolution, and systems and interactions. That 
document recommends that two themes be exemplified in the curriculum each 
school year. Any of these themes or others that could be identified will add a 
richness to the child's science experience. 

Thematic teaching supports science education in the three areas of content, 
process skills, and scientific attitudes. Content learning is enhanced through 
meaningful connections and organization of memory. Process skills, including 
observing and inferring, management of data, and pattern finding, are accom- 
plished through hands-on and minds-on activity. Attitudes including curiosity, 
objectivity, and willingness to accept uncertainty are advanced through high 
engagement, and appropriately challenging puzzles and inv ligations. 

"rescrvice teachers cannot be expected to use thematic instruction spontane- 
ously or simply as a result of a presentation of its characteristics and virtues. 
Recurrent experiences with a theme in the elementary science methods class, 
particularly if integrated into a variety of activities throughout the term, will 
provide a sound foundation for these teachers to recognize, value, and practice 
thematic instruction. 
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Helping Science Teachers Develop 
Effective Classroom Groups 



Nanette J. Eklund 



Classroom groups for hands-on science can work effectively or they can 
"work" disastrously. The key to effectiveness is in attention to group dynamics 
before the groups arc given content learning. This paper will describe the process 
used in science methods classrooms to teach prc-scrvicc teachers how to develop 
effective classroom groups. Too often tcacheis try using groups but give up when 
they find the groups ineffective and out of control. The skills to manage and 
control K- 1 2 students is a prime concern for prc-scrvicc teachers. The procedure 
described here gives the science teacher a plan which isbascd on theories of group 
dynamics which train the K-12 students to work together effectively. Once the 
groups have been developed, it makes little difference what the configuration of 
the group might be. The group members will have learned to manage their own 
group behavior because their needs for belonging have been met. A positive 
classroom climate will be the goal for these science teachers. Schumuck and 
Schumuck (l u 83) define this climate as one: 

...where the students expect one another to do their intellectual best and 
to support one another; where the students share high amounts of 
potential influence-both with one another and with the teachers; w here 
high level of attraction exist for the group as a whole and between 
classmates; where norms arc supportive for getting academic work 
done, as well as for maximizing individual differences; where commu- 
nication is open and featured by dialogue; where conflict is dealt with 
openly and constructively; and where the processes of working and 
developing together as a group arc considered relevant in themselves for 
study, (p.30) 

The interpersonal needs of inclusion, control, and affection must be met by the 
part icipantsifthc positive climate is to prevail. This climate should be established 
before the science student is asked to do hands-on group learning. 

For easy reference, the approach described will be divided into four sections: 
One: Orientation; Two: Building Group Responsibility; Three: Initial Group 
Activity and Review; Four: Effective Cooperative Learning. 

Orientation 

The first elementary science methods class of a new semester begins with the 
statement that the goal for this class will be to experience a positive classroom 
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climate. If that climate is established, the students will find they will share control 
with the teacher. The Schmuck definitionof "positive classroom" isgiven. Philip 
Shambaugh's 1978 study (cited in Schmuck, 1983) suggests that the interper- 
sonal needs should be addressed during the first meeting. They can be met by: 
(1 ) giving and receiving information about others, (2) exchanging opinions and 
asking questions about another's statement, and (3) expressing pleasant feelings 
and decreasing any criticism which might have occurred. The goal and the 
elements needed to reach the goal are shared with the science methods students 
so they can follow the process they are using and may later use with their own 
classes. 

Day 1 - Introduction 

After a brief introduction of the course content, details arc promised for a 
later date. The main activity of the first day is a focus on building the positive 
classroom climate. The instructor's introductiongives more attention to personal 
attributes than academic attributes. The purpose is to stress that the instructor, 
along with the students, is an active class part icipant who wants to share the power 
of leading. The usual background is given, but items that allow the students to 
know the instructor personally are included. I have found an "ice breaker" to be 
a reference to my traumatic 49th birthday and the year it occurred. "She's that 
old! and she admits to trauma?" arc the expressions I read on their faces as we 
laugh together. 

Stanford (1977) maintains that all students need to know answers to the 
questions: (1) what is this class about? (2) who is in charge? (3) who arc these 
other people and where will I fit in? The need for inclusion, referred to earlier, 
must be met. Once the methods class content and instructor have been briefly 
introduced, the students find out something about these other people and they 
begin to find out how they will fit in with these people. They arc asked to divide 
a sheet of paper into four parts and to write or draw a different piece of information 
in each of these sections. Beginning in the top left they write the name they want 
used when being addressed. The top right shows their favorite subject while they 
were in elementary in school. The bottom left shows their greatest accomplish- 
ment to date, and the last section lists three things for which they want to be 
remembered. The point of this activity is to get the students to reveal a little more 
about themselves and what they value. Additional ideas for each phase of 
building effective groups can be found in Schmuck and Schmuck (1983) and 
Stanford (1977). The students then count off by four or six, depending upon the 
number in the class and the time available. Larger groups take a longer time for 
everyone to have an opportunity to speak. All the 1 's will make up one group; all 
the 2's will make another group, and so forth. This method of grouping insures 
that students sitting together will be in different groups. At this point a signal is 
introduced. The signal will be used when attention needs to be redirected back 
to teacher. This addresses the concern teachers have expressed about not being 
able to regain control once students arc in groups. It has been found that if the class 
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knows the teacher's signal before they ever move to groups and the teacher uses 
the signal, student attention is refocused without loss of control. The key is to 
use the signal and wait until all have responded. The si lent signal ! find effective 
is to lean on the chalkboard with my raised arm being the prop. This signal is easy 
to see. It gives the teacher a place to rest while waiting for attention to be 
refocused. The signal is used for as long as is needed at first. It is most important 
to model the signal and not shout over the class. With the signal established, the 
instructions are given for interaction within the groups before the students move 
to their groups. No one moves until after the instructions arc given. Here, again, 
the teacher does have control and must be consistent in usingthis leadership role. 
If anyone begins to move, the teacher stops talking and waits. Peer pressure will 
usually stop the mover and then attention will return to the leader. The 
instructions include whatever the teacher wants done related to the four pictures. 
They can be asked to question each other if the name chosen is unusual, find how 
many preferred science while in elementary school, find a way to relate their area 
of accomplishment to leading elementary students, and note which of the things 
they want to be remembered show attributes that will help them to work 
cooperatively with students in science. These instructions should help the 
participants feel the inclusion, control, and affection needed to build the positive 
classroom climate. The leader for each group is assigned at this point. The leader 
is based on an outrageous catagory such as "the one who is shortest", or something 
equally unimportant. All the leader is asked to do at this stage is to be sure 
everyone shares so that all begin to feel included and have some control in the 
group. Specific directions are given about where each group is to be located so 
confusion upon moving is kept to a minimum. After everyone in each group has 
had an opportunity to share 1 signal for quiet. The final instruction is to ask the 
leader to have each member of the group describe how effective the group was 
in helping the participants feel a part of the group. Group members usually use 
an adjective (e.g., helpful, interested) to describe the group and its interaction. If 
the group members need to discuss the reactions, they may do so at this time. 
Upon completion and the signal for quiet, the process is reviewed. Students are 
asked to identify each step and give their understanding of the necessity of each 
step from the signal, the group formation and leader choice (usually they add the 
possibil ity of assigning other roles within the group and we discuss the advantage 
of so doing), assignment of grou p space, and aclcarly described task for the group. 
Special attention isgiven to the final activity that gives participants a way to praise 
the group but, also, to let the group know that some needs have not been met. This 
is essential to providing each member a way to feel included and to have a degree 
of control. A beginning has been made for the "minds-on" aspect of hands-on 
science as each participant is asked to think of how to make the group process 
work so the doing of science in groups can progress effectively. The students arc 
told that we will continue to build this classroom climate in the days ahead, and 
that this will lead to group work with hands-on science where all should feel 
comfortable enough to do their best white working with others. 
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An addition to this first day activity would be to ask the pre-service teachers 
for their idcasof what they would ask the elementary age science students toshare 
in the "four section" assignment. This could be adone on the second day after the 
pro-service teachers were familiar with ways to develop the positive classroom 
climate. With college age,students I have used only two activities, the one above 
and the next one referred to in Day 2. 

Day 2-Continuation of Orientation for Inclusion 

A variation of the "Double Circle" (Stanford, 1977, p.61 ) activity is used at 
the beginning of the second class. The class numbers off by fours. The 2 1 s form 
one circle and face outward. Thc4's form a similar circle at another place in the 
room and face outward. The I's form an outer circle around the 2's and face 
inward so there is a one-to-one correspondence. The 3's likewise form an outer 
circle around the 4's. The signals this day arc hand claps (this activity gets to be 
very noisy so a sound signal is needed). A question is given that each one will 
answer to the partner facing them. When the "move" signal, a single clap, is heard 
one of the circles moves to the right one person so new pairs arc formed. They 
continue to answer the same question given until all in the outer circle have met 
all of the students of the inner circle. Here a double clap signal is used so students 
can hear me give the next question. These questions become progressively more 
self revealing . I have found three rounds work well. In round one the students 
introduce themselves and tell what they wouldchangc their name to and why they 
would make the change. (This question is chosen purposefully as a silly way to 
break the ice). In the second round students try to call the other by their real name 
and tell what they would use $100 for if it was given to them. Students must also 
explain why they would make their choices. In the third round they again speak 
to the other by name and give themselves a compliment by telling what they are 
good at doing. My students find this last question to be quite threatening. There 
: sdeadsilenccforashortpcriodafterthc question is given. When we discuss what 
has happened in this activity, students recognize a progression in the questions 
and how that progression has caused them to get to know one another at 
successively deeper levels. The final question, although the most difficult, is the 
one they like best for they feel included and valued and they have controlled what 
is revealed. The students feci affection for the others because of the sharing, but 
also good about themselves because they have had a forum for self-affirmation. 
In small gtoups they may discuss the questions they would use with the 
elementary students. This activity takes no more than 10 minutes so other content 
matters can be a major part of the class period. Whenever an activity is done it 
should be processed, using questions about the effectiveness of the activity for 
building the positive classroom climate. Processing is done so the class members 
understand why the activity was done and how the discussion, the processing, can 
he used for building the climate they will be seeking to establish with science 
classes in the future. 
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Building Group Responsibility 



To demonstrate how members can hclpor hinder group work, we move into 
the second stage. The next activity is a TishbowT where half of the class will 
be observing the other half. This day I ask people who have previously indicated 
an interest in similar areas of science to sit in an inner circle and those with an 
interest in other science disciplines to sit in an outer circle so they arc observing 
the "fish" of the inner circle. (Any division which fits the methods tcachcr'sgoal 
which will begin to group students who will work together in cooperative hands- 
on/ minds-on science in the days ahead may be used) They arc told that the group 
in the center will be discussing when and why hands-on science is not effective 
in the classroom. Later the groups will switch places and the outer circle will 
become the "fish" and will discuss when and why hands-on science is effective 
in the classroom. While the students in the inner circle gather their thoughts, 
students in the outer/observing circle arc addressed. The observers are given a 
handout with guidelines to follow. The guidelines indicate that they are to 
observe and note who leads and facilitates, how this is done, how often some 
participants interrupt others tospcak, and the extent to which everyone is included 
in the discussion. The observers also arc to deter mine how participants show they 
arc listening ( e.g., nodding, smiling, paraphrasing, and looking at the speaker). 
The climate of the group is to be observed by how the participants arc sitting, 
attending, and participating. This handout is used to clearly guide the prc-servicc 
teachers to identify what is needed to facilitate inclusion for leaders and all 
participants. With no knowledge of the guidelines and with no appointed leader, 
the inner circle is asked to begin discussing when and why hands-on science may 
not be effective in the classroom. This procedure forces the class to observe the 
behavior found in a lcaderlcss group. The group generally flounders through the 
5 minutes allowed fur this activity. Often a natural leader emerges and dominates 
to the frustration of other natural leaders who cither try to interrupt or give up to 
"let the other do it." The results arc all too familiar to many of the students. When 
I call time, the outer circle, in as positive a manner as possible, critiques the inner 
circle's interaction. I have put the guidelines on the overhead at this time so the 
inner circle can follow them. Through this critique I facilitate the discussion to 
lead to the conclusion that an effective group needs a leader/facilitator who knows 
what iscxpcctcd of him or her and participants who know how to bring about i nput 
from all. Then the "fish" move outside and the outer circle moves inside. This 
time I choose a leader to facilitate the discussion of when and why hands-on 
science is appropriate in the classroom. Of course the discussion moves along 
nicely with nooncdominatingorsittingbackuninvolved. All feel a responsibility 
to the group and know how to encourage everyone to participate. In conclusion, 
each group "processes", by discussing implications of this activity for facilitating 
group work among elementary science students. If the pre-service teachers have 
ideas for modifications in order to build more effective group behavior with the 
younger students they arc encouraged to make their suggestions. It is important 
to involve the prc-servicc teachers in expressing their ideas along with their 
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reservations about building effective groups. They have many worthwhile 
additions to the process that specifically address hands-on/minds-on science, 
such as the roles played by the elementary participants (e.g., materials manager, 
timer, writer, safety officer). If reservations about working with groups are not 
expressed and dealt with, teachers will not use group activities in the:,- teaching. 
It is possible to have students write about their reservations which can be 
addressed during another class period. When they reassemble, the small groups 
may discuss the reservations that might be perceived in hands-on science teaching 
with elementary age children. The sharing of the results of the "processing" ( in 
this case with a specific focus on their reservations) done by each small group is 
reported and discussed by the class as a whole. This process is used to allow the 
class to experience how small group discussions can lead to whole class learning 
when the suggestions and reservations of each group are brought to the class as 
a whole. 

Aronson (1978) in The Jigsaw Classroom advocates training a few leaders 
and a few recorders to begin group work. I have chosen, instead, to help the whole 
class learn the roles of leader and recorder together so each participant may 
understand why a person is behaving as they do within the role given to them. It 
is emphasized that leader/facilitators (or other roles designated by the group) will 
be changed from time to time so all need to know how to behave in each role. This 
has been successful with third graders as well as prc-scrvicc teachers. 



Determining the Best Buy 

As soon as possible after the Fishbowl activity a problem solving, coopera- 
tive group activity is given to the small groups to allow the students to experience 
the "training" received through the Fishbowl while they arc problem solving. It 
is helpful to find a short exercise that is sure to bring about controversy. One 
exercise which can be effective is the "Best Buy Paper Towel" experiment. Each 
group is given 3 different unnamed brands of paper towel and they arc to decide 
which is the best buy. Materials that groups might want to use in the testing (such 
as containers, water, window cleaner, etc.) arc made available for selection. The 
group's report back to the class as a whole must include the conclusion (which is 
the l>est)and all the evidence and arguments which support that conclusion. They 
must select those who will fill different roles including the "leader" and a 
"recorder/reporter" who will be designated to report the group's conclusions to 
the class as a whole. This activity docs generate discussion so the leader is 
challenged to be sure no one gets left out when most are talking. Once groups are 
actually solving a problem cooperatively there may still be disagreements which 
arc not easily resolved. This is the most effective time to have the whole class talk 
about conflict resolution. Another issue which arises in some groups is the need 
to know more information from the teacher. They find that only the leader can 
leave the group to ask for something and, hence, that all must communicate their 
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needs to the leader. After an appropriate amount of time I signal for rcfocus and 
ask for reports. This activity allows for d ; .Tcrent strategies and solution , all of 
which can be equally correct. We find that some groups get bogged down or 
cannot resolve a conflict in the group or do not seek help from the teacher. 
Cooperative groups wilt work well after learning effective group behavior but 
there will be times when more guidance and conflict resolution will be needed. 
Although there are a number of conflict resolution strategies which teachers 
might use (Stanford, 1 977, chap. 8) , I facilitate conflict resolution in the student 
groups by having each pair in a group identify what it can do to make the group 
work more cooperatively. Each pair then reports to its group and ali decide on 
• what should be done to improve cooperation. This technique places responsibil- 
ity for conflict resolution back on the group members and further facilitates 
learning to work in groups. My students find this to be an effective strategy arid 
tend to use it in their teaching. 

Processing the Group Interaction 

The processing of the group work becomes a separate focus on this first day 
of hands-on, cooperative group work. Group processing, if done in a thoughtful, 
guided manner, increases the likelihood of minds-on group work taking place. 
Previously, students have been asked to think about how the groups worked and 
to describe their reactions with a pointed adjective. This day, written guideshects, 
which include specific questions, arc given to each member of the group. Basic 
beginning level questions arc: Who was involved and how was this shown? Did 
each one feel they had control of part of the experiment? Were all of the 
participants approved and acknowledged within the group? What could the group 
do better next time after hearing answers to these earlier questions? The 
generality of these questions allows the students to respond for themselves and 
for their peers with little threat. (Samples of these guideshects may be found in 
Schumuck and Schumuck, 1983, (pp. 51-51) It is the role of the leader to 
encourage all members to become involved in processing the work of the group 
after each session. If time is vciy short, they need, at least, to get each member 
to give the group a description of his or her prcception of that meeting and the one 
thing the group could do differently to improve cooperation. By making the 
processing of the group a separate focus, the importance of open communication 
for effective group work is emphasized. If a leader notices that the communica- 
tion does not seem to be open and is not able to get a member to participate, the 
leader needs to work with his or her group or consult with the teacher for 
assistance. Again, effective group work docs not just happen. It is carefully 
planned, trained, and the teacher has a role of "guide on the side" at all times. 

When the processing is completed, I ask each group to share with the class 
asa whole one thing from their groupthat would improve cooperation within their 
group. Sometimes there is nothing to be improved and that would sound ideai. 
Those who dr l <avc a suggestion are the groups which are more likely looking at 
themselves more realistically. Either way, as facilitator I can comment positively 
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on progress in using cooperative learning effectively. As with previous phases 
in the building of effective science cooperative groups, the pre-scrvice teachers 
make suggestions for group processing with elementary students which may be 
different from what they have done in the methods class. They also discuss 
problems they prcccive in processing with elementary students. Together the 
groups make suggestions that address the problems and add to the fund of 
knowledge for minds-on. cooperative learning. Group processing is needed if 
cooperative learning is to be effective. By making it a separate focus, giving 
written guidelines to be used each time hands-on cooperative groups arc used, and 
setting aside time for the process, the pre-srrvicc teachers realize the importance 
of this activity and use it in their own elementary science classes. 



With the iraining and building that have occurred in the early days of the 
semester, the class is now ready to use cooperative learning strategics for their 
own learning and will know how to prepare the science classes they teach for 
cooperative learning. As students review Circles of Learning: Cooperation in the 
C lassroom by Johnson , Johnson, and Holubec ( 1 984) and The Jigsaw Classroom 
by Aronson. Blancy, Stephan, Sikes, and Snapp (1978), they recognize many of 
the steps we have taken in class to build effective groups. The prc-service teacher 
now knows a great deal about building effective groups for use with hands-on 
science activities. 

I have tried to structure assignments to include the strategies referred to 
above and strategics found in Group Investigation by Sharan and Kusscll(1984). 
Usually, each methods assignment has small groups contributing to a whole class 
project. For example. Jigsaw is used to review curriculum materials and 
textbooks. Each group prepares a presentation on one program and "teaches" this 
program to the other groups. Strategies from Circles of Learning: Cooperation 
in the Classroom by Johnson, Johnson, and Holubec (1984) arc used when 
students prepare three hands-on/minds-on activities, each from three different 
grade levels. Each group then presents these activities to the other groups. A 
group investigation approach is the basis for the development of a hands-on 
activity which integrates science with other elementary subjects while providing 
lor different learning styles. After the projects arc completed each group does a 
written assessment of the group work. This is given to the instructor and is used 
by I he instructor to identify areas where help or remediation is needed. Most of 
the time the groups show how much they have learned together and how 
responsible they feel toward their group. Each year I have found a disfunctional 
group through this written assessment. I talk with each member and ask for 
information about the behavior of the group. Usually, the members do not need 
my offer of conflict mediator because they identify that they need more open 
communication within their group and proceed to use the solution they have 
identified. Studcnls in the disfunctional group learn the most about effective 
group training. In reports, on the final test, the disfunctional group seems more 
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aware that effective group work needs teacher involvement along with careful 
training of the participants. All groups report that while learning the content of 
science methods they have learned a great deal about working with others and the 
need for honest communication. The building of the positive classroom climate 
was the key for the pre-service students. They now know how to build for 
effective hands-on science classes when they begin teaching. 

Stanford(1977) refers to the last stage in the life of a group, the termination 
stage, as one when sadness and anger will be displayed. The students have 
become closer as they have learned to listen, learn, and resolve conflict together. 
The termination stage is an opportunity for feelings to be openly expressed. To 
facilitate a termination, each person is given an opportunity to say how they feel 
about the learning which has occurred in the class. This class is the semester 
immediately prior to student teaching. It is a frightening time, and many find 
freedom during this final activity to express their fears and hopes. We have 
learned to effectively work together. We have learned to support one another 
through the building exercises and we know the value of honest expressions of 
feelings and ideas. The positive classroom climate has allowed us to do our best 
while working together to prepare for the future. 
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Using the Learning Cycle to Introduce 

Cooperative Learning 



Alan Colburn 



Teachers teach as they were taught. Thus, modeling is a powerful strategy 
available to the methods instructor for changing preservicc teacher behavior 
(Gliessman, 1981 ). We must, therefore, pay careful attention to what we do in the 
college cla c ",room. 

Cooperative learning and the learning cycle are two instructional strategies 
I encourage preservice teachers to use to address some common educational 
goals. Consequently, it is imperative I model the use of both these strategies in my 
methods course. One way involves modelinga variety of cooperative techniques, 
while sequencing my instruction using the tenets of the learning cycle. 



The learning cycle is a flexible instructional model usually defined in terms 
of three phases of instruction. The Exploration phase, broadly defined, features 
student investigation of phenomena, with minimal guidance from the teacher. 
Ideally, this phase provides students with the opportunity to experiment with 
objects and ideas, and leads them to the construction of a new concept. In the 
Concept Introduction phase of the cycle, the instructor helps the students 
formalize and clarify their thinking from the Exploration phase and introduces 
students to the new concept(s) they explored previously. In the Application phase 
of the cycle, students expand their knowledge by using newly learned concepts 
in different situations. The Application phase may introduce students to new 
experiences, therefore acting as an Exploration phase which begins a new cycle. 

1 suggest readers unfamiliar with the learning cycle examine the NARST 
monograph on the topic (Lawson, Abraham & Renncr, 1989). Alternatively, the 
teaching model recommended by the National Center for Improving Science 
Education (1991) or the BSCS 5-E model ("explore, engage, explain, expand, 
evaluate") (BSCS, 1993) arc both virtually identical to the learning cycle 
described here, and arc appropriate sources of further information. 

Using the Learning Cycle to Introduce Cooperative Learning 

Exploration 

Students arc pcdagogically introduced to cooperative learning via what 
Kagan (1992) calls the "structured" approach. Students experience a variety of 
small activities, each of which illustrates some or, eventually, all the elements of 
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cooperative learning (interdependence, individual accountability, developing 
social skills, students simultaneously active). 

All the activities are relevant to course goals other than those associated with 
cooperative learning, however. In other words, the activities demonstrate coop- 
erative learning techniques while teaching about other things. 1 ask the reader not 
to contuse cooperative learning strategics and content about cooperative 
learning.Thc idea of cooperative learning and its elements is not formally 
introduced to students until later — the concept introduction phase. 

Here arc some examples of small activities illustrating elements of coopera- 
tive learning. I use Kagan's (1992) names: 

Numbered heads together 

Students in a team number off from one to four. The teacher asks a question 
or gives directions (?.#., "make sure everyone on the team can explain the 
differences between the exploration and application phases of the learning 
cycle"). Team members put their 'heads together' to make sure everyone knows 
the answer. The teacher calls a number, and the student in each team who has that 
number needs to be ready to give the answer. 

Numbered Heads Together is usually used as a way to review or master basic 
information. A methods professor, for example, could ask students a question 
about the differences between concrete and formal operational reasoning. Rather 
than merely having one student answer the question, Numbered Heads Together 
increases the likelihood that more students will be involved in formulating a 
response. This latter aspect of cooperative learning is often called "simultaneity." 

This cooperative learning technique, however, is not limited to review. An 
elementary teacher, for example, could tell a class "Make sure everyone on your 
team can make a light bulb light, using all the materials you've been given." 
Students still work individually, hut their teacher encourages them to help and 
teach each other. 

Blackboard Share 

This is used with other cooperative learning structures as an alternative to 
traditional presentations. One member of each team goes to the blackboard. 
Teams simultaneously post their best response to a question, problem, 01 data 
from a laboratory exercise. The structure illustrates simultaneity. 

In doing a science activity, for example, one student from each group would 
write their data or results on the blackboard. This lets students immediately 
compare their results with others, and allows the teacher to conduct a lesson that 
docs the same thing. 

This, and several related techniques, arc all useful in the methods classroom 
as well. For example, journals and short writing assignments arc popular in 
methods courses. Students make one or more photocopies of an assignment to 
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give to others for peer review. Students can then simultaneously receive re- 
sponses from peers. 

Three Step Interview 

Students interview each other within their groups to find other's opinions or 
ideas on a topic given by the teacher. They interview each other within pairs. Each 
of the members then tells their team of four what they learned from their partners. 

The interview questions can be, basically, anything. Here are some selected 
examples: 

• What do you most want to learn about the learning cycle? 

• What experiences have you had w'th ...? 

• As a teacher, how would you find ... useful? 

• What did you learn from the lesson? 

• What is still uncle3r to you about this lesson? 

• How did you go about solving [a given problem]? 

• How would you test that idea? 

• How would you explain the differences between your results and those of 



another group? 
Think-Pair-Share 

The teacher poses a problem or question to the class. St udents take a moment 
to think about a response, and thentalkthcirideasoverwith apartner. Comments 
arc then shared with the class. This technique incorporates the clement of 
simultaneity, while giving students a chance to think about and rehearse a 
response. It is especially valuable for students who arc sometimes hesitant to 
speak in front of the whole classroom group because they can "try out" their ideas 
in front of one person before speaking to the whole group. 

Think-Pair-Share is, obviously, and is also easy to use and is also popular. A 
teacher can use the technique virtually anytime she or he has a discussion or asks 
the class a higher order question. Common variations include: 

• Students Sharing with team members, rather than the whole class (rather 
similar to Numbered Heads Together); 

• Jotting down their thoughts before talking them over with a partner, 
adding a small amount of individual accountability, because every student 
writes something; 

• Doing or building something {e.g. t clay boats) before talking it over with 
a partner. 
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Jigsaw 

Aronson's (1978) Jigsaw technique is a popular and straightforward coop- 
erative learning technique valuable for helping students understand content and 
— with teacher guidance — learn social skills. Each student in a team is assigned 
something different upon which they become an expert. Students meet with 
members from other teams ("expert teams") who are assigned the same topic. 
These expert teams help each other understand and consider how to teach about 
their topic to classmates. Students return to their original teams ("home teams"), 
and each teach the others their topic. Students are responsible for learning all 
parts. 

The Jigsaw is particularly good for preservice teachers to learn because it: (a) 
incorporates all the elements of cooperative learning, (b) is highly structured and 
straightforward, and (c) is particularly useful for teaching and reviewing content 
learning, common goals in most classrooms. 

Any assignment that can be broken into independent parts can be structured 
by the teacher as a Jigsaw activity. For example, a textbook assignment is broken 
into three or four sections. Students within a (home) team are assigned particular 
sections of the assignment in which they are to become experts (with help from 
members of their expert team). Experts then go back to their home team^ to help 
members better understand their assigned section of reading. 

Alternatively, students can all be given the same reading assignments, but 
asked to examine the works from different viewpoints. Methods students, for 
example, could read a study about schooling and then be asked to view the 
research through the eyes of a teacher, principal, parent, and pupil. If the class is 
ambitious, expert team members could interview people from one of these 
groups. When the experts return to their home teams, each person in the group will 
have something unique to contribute to other members. 

One of the questions that arises at this point is when should students be 
formally introduced to the various cooperative learning techniques discussed 
previously? In other words, when do students learn about how to teach using the 
Jigsaw or Think-Pair-Share, for example, as opposed to merely being a student 
who is bci ng taught by someone else usi ng the techniques? Do students learn right 
after they have experienced the techniques (during the exploratory phase of the 
cycle), or does the instructor wait until students have been formally introduced to 
content about cooperative learning (during the concept introduction phase)? 
Either approach has merits. The first possibility mentioned probably offers more 
of a "how-to" orientation; students could be asked to plan their own Jigsaw or 
Think-Pair-Share right after being introduced to a technique. The second possi- 
bility fits well with thinking about learning and constructivism; the instructor 
insures that students have had plenty of concrete experience with a new idea 
before they receive a formal introduction to the idea. Thus, the decision about 
when to tell students about cooperative learning techniques, like Think-Pair- 
Share and the Jigsaw, will depend on the instructors goals in his or her methods 
course. 
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Concept Introduction 

After teaching methods students using activities like those illustrated above, 
I formally introduce preservice students to the three major elements of coopera- 
tive learning: positive interdependence, individual accountability, and the teach- 
ing of social skills. Two other elements, students working face-to-facc and at the 
same time (simultaneity), are also eventually mentioned. 

I've written textual information about the three major elements of coopera- 
tive teaming (see Appendix), and teach this information using the Jigsaw 
technique. In groups of three (home teams), students arc each given a handout 
which describes one major element of cooperative learning. 

Students read their handout and mcot with others who were given the same 
information (expert teams). Members of the expert teams help each other 
understand the handout's content, decide which information is most important for 
others to know, and devise strategies for teaching their classmates about their 
sheet's content. 

Finally, students return to their home teams and teach each other about the 
elements of cooperative learning. A whole class discussion occurs afterwards in 
which I pose common classroom situations to students and ask whether the 
scenarios represent "true** cooperative learning. If the students judge a scenario 
as not being representative of cooperative learning, they are asked to change the 
situation to make it more representative of cooperative learning. This after- 
Jigsaw discussion is an appropriate time to continue to use examples of tech- 
niques mentioned above, like Think-Pair-Share. 

Alternatively, students can be given written classroom scenarios and be 
asked to change the scenarios to incorporate more of the elements of cooperative 
learning. As with the discussion above, this assignment would follow the Jigsaw 
activity. This assignment then serves as a way to hold students individually 
accountable for learning the content about cooperative learning presented during 
the Jigsaw activity. 

Application 

In our methods course at the University of Iowa students use their new 
learning as they participate in an intensive three day team-teaching experience. 
The experience is intensive because each of the three days is videotaped. The 
experience incorporates all the elements of cooperative learning — including 
most importantly the fact that the preservice students must work together in 
planning and implementing their lessons (positive interdependence), but at the 
same time arc critiqued as individuals (individual accountability). Before and 
after the experience, we discuss the kinds of social skills they need to use for their 
planning and teaching to be successful. Their reflections on the experience help 
them understand the kinds of frustrations their own students will feci when 
learning to work cooperatively. 
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With or without access to this kind of experience, after being formally 
introduced to cooperative learning, sLidcnts can be required to plan and teach 
short cooperative lessons within a practicuin or student teaching setting. This is 
an excellent application because students apply the knowledge they have learned 
to a new situation. At the same time, however, they extend their knowledge about 
cooperative learning by experiencing first-hand what happens when they are the 
teacher using cooperative learning. They must ultimately modify what they 
learned about cooperative learning pedagogy to suit the uniqueness of the settings 
in which they are teaching, while at the same time preserving the elements of 
cooperative learning. Doing this requires students to use what they learned 
previously in new ways and new settings — the essence of application. 
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APPENDIX 



Handout #1 



TEACHING COOPERATIVE SKILLS 



Studcnls who have never been taught how to work together effectively won't 
necessarily be able to do so. It is not uncommon for teachers to learn about 
cooperative learning, set up some nifty cooperative activity for their classroom, 
turn the students loose, and find that it docs not work the way it is "supposed" to. 
Teaching cooperative skills — called leadership skills in the business world — 
is often an important prerequisite for learning; achievement will improve as 
students become more effective in working with each other. 

There are several important assumptions underlying teaching students coopera- 
tive skills: 

1. Cooperative skills have to be taught. 'Setting up' groups and then 
'allowing' students to work together guarantees nothii.g. Learning coopera- 
tive skills is no different than learning how to use a microscope or write a 
complete sentence. All skills arc learned in basically the same way. 

2. It does not make much sense to teach students skills if they are not going 
to use them. The awareness students have of the need for cooperative skills 
is directly related to them being in cooperative learning situations. In other 
words, your efforts will be kind of wasted if, afterwards, you expect students 
to work alone without interacting with each other. 

3. Peers are important. After students know what the cooperative skills arc 
and arc encouraged to practice them in their groups, peer support and 
feedback will determine whether the skills arc used appropriately and 
frequently enough for them to become natural and automatic actions. 

4. Peer pressure to learn cooperative skills should he coupled with peer 
support for doing so. There may be groups members who want to dominate, 
who are shy and afraid to participate, who become angry when they give a 
wrong answer, or who feel embarrassed by having the group realize they do 
not understand something. Group members need to know how to provide 
constructive support for the student to become more skilled ... the implicit 
student-student message s would be 4 Wc want you lo practice this' and * How 
can we help )ou do so?' 
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Johnson and Johnson outline a method for teaching cooperative skills. The 
method has, basically, five steps: 

1 . Do whatever you must to ensure that students see the need for cooperative 



2. Do whatever you must to ensure that students understand just what the skill 
is, and when it should be used. 

3. Set up practice situations and encourage mastery of the skill. 

4. Ensure that students have the time and procedures for discussing (and 
receiving feedback on) how well they are using the skill. 

5. Finally, ensure that students persevere in practicing the skill until it seems a 
natural action. 



skills. 
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Handout #2 

INDIVIDUAL ACCOUNTABILITY 

To encourage students to learn, they have to know they will be held 
individually responsible for learning whatever it is you want them to learn. You 
do not want to have some students coasting along, doing nothing, while others do 
all the work. To avoid this, cooperative learning activities should be fol lowed by 
something that holds students individually accountable: an individual quiz, a 
report, a demonstration or a final product of some type that is to be collected. 

In some cases, each student may do something like take a quiz after the group 
session. In other cases, where something like a quiz is not necessarily called for, 
several student's names may be drawn from a hat and (only) their papers checked. 
In both cases, student's concern levels are raised. Someone, if not everyone, will 
have to demonstrate they understand whatever it is they are supposed to under- 
stand. 

Several techniques, in fact, are available to hold students individually 
accountable for learning. For example, you can randomly call on students to 
explain a process, give a summary of the main points of a reading or discussion, 
etc. Ye- can insure randomness in who you call on by using a 'shuffled 1 deck of 
3X5 carus with student names on them. 

Anothei possibility is the multiple response technique. This is used to both 
hold students accountable and check for individual understanding. The teacher 
can present a problem of some sort, call for a short silence period (to give everyone 
a chance to think), and then ask students to hold up a 3X5 card with the number 
1,2,3, or 4 written on it (corresponding to one of four responses written on the 
blackboard or overhead). 

When students fail tasks, the teacher steps in and shifts the responsibility to 
the group for not adequately preparing or checking all the members of the group. 
This can be tricky , though, because you don't want to ostracize individuals within 
a group. Yon just want to encourage groups to take responsibility for helping each 
other, and possibly structure things so that individual students (who otherwise 
might not have been motivated) decide to "learn stuff" so they won't let the rest 
of the team down. I should also point out that encouragement (praise) can also 
be directed at a small group, rather than an individual, when appropriate. 
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Handout #3 



POSITIVE INTERDEPENDENCE 



One of the attributes of 'real' cooperative learning is that classroom activities 
are siructurcd so that small groups of students /hms/ work together. Studentscome 
to learn that "we're in this together — what I do effects you, and what you do 
effects me." They also, eventually, feel responsible for helping each other. 

Huwever, this kind of positive interdependence does not necessarily come 
automatically. That's where you, the teacher, come in. It is your responsibility 
to structure activities to encourage students to work together. 

It is beyond the scope of this little activity to discuss different ways to foster 
interdependence. Instead, I will concentrate on one common method: the use of 
group rewards. Group rewards could be things like extra credit, token prizes, 
group recognition or encouragement, notes to parents, time saved used for 
something students like doing, etc. A key point to remember, however, is that the 
rewards must not be individual. The reward must go to every member of the group 
(or class) 

So, upon what can you base this 'reward?' At the secondary level, it's 
common to base rewards on quiz scores. The group (or class) goal can focus on 
top scores, average scores, or the lowest scores. Rewards can also be based on 
improvement from previous efforts. For example, students can be rewarded 
based upon how much their scores on a test improve over iheir scores on a 
previous test or semester grade. The larger the improvement, the more points 
earned toward a reward. Rewards are given when the group leaches a particular 
number of improvement points. (To encourage those students who consistently 
receive high marks, a special bonus should also be present for a perfect score.) 
The advantage of t 1 s way of doing things is that students with the lowest scores, 
who need the most attention, arc also the ones with the greatest potential to 
generate improvement points leading to a group reward. Peers can pay extra 
attention to the students who can most benefit from the attention. 
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Constructing Concepts of Constructivism 
with Elementary Teachers 



John R. Staver 



We discuss it so often in our Center that it has become known as the *c-woruV 
In this context, 'c 1 stands for constructivism. Papers on constructivism abound 
at meetings of the Association for the Education of Teachers of Scicnc;- (AETS), 
the National Association for Research in Science Teaching (NARST1, and the 
American Educational Research Association (AERA). NSF funded curriculum 
projects such as ihc elementary and middle school science and technology 
curricula developed by BSCS (19°2, I°94 a,b,c) and the Full Opium Science 
System (Regents, University of California, 1 W2) developed at the Lawrence Mall 
of Science arc based on constructivist principles. At almost every convention of 
K-12 science teachers and in most journals and magazines, elementary, middle, 
and high school science teachers are encouraged to teach according to constructivist 
principles. 



As a theory of knowing, constructivism is an integral foundation of the 
current reform movement in science education. However, the concepts of 
constructivism are quite abstract and often counter intuitive. For example, 
constructivism is a theory of the knower. not a theory of the external world. It 
seems quite fair, then, to ask how constructivism can be of any value in learning 
about the external world. Preparing teachers to teach according to constructivist 
principles is one matter; helping teachers to construct an understanding of 
constructivism as a way of knowing is quite another matter. Nonetheless, as 
science teacher educators wc are compelled 10 do both because acquiring an 
understanding of teaching in terms of its relevant theories and research bases is 
central to the continuing professional growth of teachers. 

My goal in working with practicing teachers in professional development 
workshops and graduate level courses is to: ( 1 ) Increase their understanding of 
specific concepts of constructivism; and (2) explain inquii ■• cienee teaching in 
te-ms of these concepts. Included are the following aspects of constructivism: 

1 . Learners actively construct knowledge using their prior knowledge. 

2. Knowledge is represented by functionally adaptive ideas which fit with, but 
do not correspond to, the structure of the external world. 

3. Constructivism is a theory of the knower and knowing, not a theory of the 
external world. 



Constructivism and Teaching Science 
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My purpose here is to describe how 1 introduce teachers to the three notions of 
constructivism listed above. 



The teaching model that I use is the five-stage version of the Learning Cycle 
- Engage, Explore, Explain, Elaborate, Evaluate - which was developed by BSCS 
for its elementary and middle school science and technology curricula (BSCS, 
1 992, 1 994 a,b,c). BSCS calls this version of the Learning Cycle its Instructional 
Model; it is explained in detail elsewhere in this yearbook (Staver & Shroycr, 
1993). 

I use the 'Hum Dinger 1 activity from the Full Option Science System, FOSS, 
curriculum project (Regents, University of California, 1992) as an Engage and 
Explore activity. For readers who arc unfamiliar with this activity, it is part of the 
grade 5-6 Models and Designs unit. 1 do the activity with teachers much as it is 
designed in FOSS. in the Engage phase, I ask a series of questions, first to check 
teachers' level of knowledge regarding constructivism, then to focus their 
attention on the activity. 1 ask, "Who has heard of the word 'constructivism'? 
Who knows what it means?" Teachers frequently indicate a familiarity with the 
term; a few refer to constructivism as a psychology or learning theory; only rarely 
docs a teacher mention epistcmology or philosophy in reference to my question. 
Next 1 place a red shopping Lag made of synthetic material on my desk and say, 
"Today my intention is to introduce and discuss some theoretical notions and 
issues of constructivism that undergird exemplary elementary science teaching. 
In doing so, 1 start with a concrete activity so that we can relate the phenomena 
of the activity to relevant theoretical points." 

Beginning the Explore phase, 1 then point out the bag and the string which 
emerges from the side of the bag, I usually say. "Please watch and listen closely 
as 1 pull apd release the string. Tell me what you see and hear." 1 then pull the 
string, and a humming sound from inside the bag is immediately audible. After 
a few seconds I release the string, and a distinctive ringing sound can be heard. 
Teachers are immediately very curious, and they ask me to pull and release the 
string again and again. They point out that they can see very little except for me 
pulling and releasing the string. However, they report hearing a buzzing or 
humming sound when 1 pull the string. When I release the string, they report 
hearing a bell ring. At this point I ask, "OK, so how should we describe what is 
inside the bag?" Teachers' responses vary. Sometimes they attempt to describe 
the structure but quickly find this avenue to be a dead end because they arc unable 
to sec inside the bag. They eventually describe the device in terms of its sounds. 
However, as adults, they rarely call it a Hum Dinger. Thus, I introduce the device 
inside the bag as a Hum Dinger. Teachers typically respond with chuckles and 
laughter; 1 point out that the FOSS developers have incorporated some 5th-6th 
grade humor into the curriculum. 

Continuing their exploration, the teachers construct a device that hums when 
its string is pulled and dings when its string is released. They work in three- or 



Constructivism in Action 




Constructing Concepts of Constructivism with Elementary Teachers ♦ 1 1 1 



four-person teams using the materials from the FOSS Models and Designs 
module. Included arc items such as a two-piece wood base, copper wire, paper 
clips, string, D-cell, D-cell holder, small electric motor, wood sticks in three 
lengths, wood hubs, rubber bands, large paperclips, and wood clothespins. These 
items and an assembled Hum Dinger are shown in Figure 1, which is a 
reproduction and adaptation of drawings in the FOSS Models and Designs unit. 
The figure is reprinted here with permission of the Full Option Science System, 
Lawrence Hall of Science, University of California, Berkeley. A great deal of 
discussion occurs within each group as ideas are generated tested, modified, 
discarded, and replaced. Groups quite often observe what other teams are doing. 
If participants want additional items in building their Hum Dinger, I attempt to 
fulfill their requests. 1 move about the room listening to the discussions, asking 
questions, offering suggestions, but not giving answers. Teachers need perhaps 
30 - 45 minutes to complete this task. When all groups have successfully built a 
Hum Dinger, 1 bring the Explore phase to closure by calling for their attention. 

Beginning the Explain phase, I ask a member of each group to demonstrate 
the operation of the group's Hum Dinger to the others. A great deal of interaction 
generally occurs and often includes applause and cheers as each group conducts 
its demonstration and answers questions from members of other groups. When 
the demonstrations are completed, 1 begin to ask questions. The initial focus is 
on teachers' prior knowledge and how they used prior knowledge in building a 
Hum Dinger. My first question is usually something like, "What did you think 
about and discuss at the beginning of the task?" Responses vary quite markedly, 
but teachers often report that their groups talked about creating the 'ding' and 
'hum 1 sounds. According to them, the 'ding' sound is rather easy to make; when 
rung by hand, the bell makesa ringing sound quite like the 'ding' sound inside the 
red sack. Creating a ' hum' sound is not so easy; someone usually tests the electric 
motor with the D-cell, but the sound of the motor is rathcrdiffercnt from the 4 hum ' 
sound inside thcredsack. Nonetheless, groups usually realize rather quickly that 
the electric motor is a key element in creating a 'hum' sound. 

At this juncture, 1 point out to teachers that they arc using what they know 
about objects, mechanisms, and sounds to organize their thinking, testing, and 
constructing. I then introduce the phrase 'prior knowledge,' describe it in terms 
of the activity, and emphasize the general notion of prior knowledge and its use 
in learning as a part of constructivist theory and an important consideration in 
teaching. Teachers readily agree that prior knowledge is important, and an 
extensive discussion sometimes follows as each group shares how specific items 
of prior knowledge were used to build a Hum Dinger. 

I then ask them to think about which group has built the best Hum Dinger. 
Almost immediately, teachers say, "We need to look inside the red bag to find out 
what the Hum Dinger looks like." 1 respond, "You must decide without looking 
inside the red bag." in return, they point out that they must sec inside the bag in 
order to compare their own Hum Dingers with mine. My next response is that 
their judgement as to which group built the best Hum Dinger cannot be made as 
a comparison of how well the structure of their Hum Dingers matches the 
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Figure 1. A drawing of a working Hum Dinger and its components 

Note: Drawing reproduced and adapted with permission from Full 

Option Science System, Lawrence Hall of Science, University of 
California, Berkeley. 
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structure of the Hum Dinger inside the red bag. Rather, the judgement must be 
made on functional grounds; in this case, the hum and ding sounds that arc made 
by their Hum Dinger as well as those of other groups. 

At this point responses often diverge. Some teams give up, stating, "It can't 
be done i f .vc can't sec the Hum Dinger inside the red bag!" Other groups begin 
to inspect all the Hum Dingers more closely. I ask, "Can you work together to 
develop some criteria which you can use to judge the Hum Dingers?'* Teachers 
can and do generate criteria which illustrate an extensive variety of ideas as to 
which is the best Hum Dinger. Typically they agree on two or three statements. 
Examples are: "It has to work three times. The 'hum* sound must be as close as 
possible to the 'hum' sound inside the red bag. It must fit inside a bag the size of 
the red bag. It must not 'hum' and 'ding' at the same time." Teachers then apply 
the criteria to determine the best Hum Dinger. 

At this point I say, "Great! You have identified the best Hum Dinger without 
looking inside the red bag. Why did you feel the need to look at the Hum Dinger 
in the bag?" The nearly unanimous response is that they wanted to judge their own 
Hum Dingers according to which one of theirs best matched the structure of mine. 
1 respond that the specific problem of deciding which is the best Hum Dinger is 
representative of a second theoretical issue. On one side is the traditional view 
that our knowledge corresponds to the outside world. A better correspondence 
means a better match of our knowledge with the outside world. In contrast, 
constructivism denies that our knowledge is a correspondence with the external 
world. Rather, knowledge is a coherent set of constructed ideas that fit and give 
meaning to our experiences, but do not match the structure of an external world 
that is unknowable in a direct way. I then point out that, from a constructivist 
perspective, the device inside the red bag represents the external world; the 
teachers' own Hum Dingers represent their constructed knowledge about the 
Hum Dinger inside the bag. Their experiences with the Hum Dinger in the bag 
arc limited to the sounds that it makes. Although we have used the terms by now, 
I define the terms 'fit,' 'match,' and 'correspondence' in terms of the Hum 
Dingers. 'Fit 1 is defined in terms of a functional perspective. What fits is viable; 
it works. What doesn't fit is not viable; it doesn't work. Their Hum Dingers fit 
if they work like mine, which means that they make sounds similar to mine. 
I lowevcr. a good fit in a functional sense docs not imply that the structures of their 
Hum Dingers match with or correspond to the structure of mine. 'Match' and 
'correspond' arc defined from a structural perspective as being a conformity, 
agreement, likeness, or similarity with respect to structure. The stronger the 
match or correspondence, the more nearly identical are the structures. A perfect 
match or correspondence is represented in two identical structures. 

Hven after I introduce the definitions, teachers sometimes argue that the 
terms Tit' and 'match' arc essentially identical. If they bring up this point, I 
clarify their confusion in two ways. First, I reiterate the distinction between fit 
and match in an cpistcmological context as a distinctness in their perspectives. 
One is functional; the other is structural. Second, I present and discuss the lock- 
and-kcy metaphor that von Glascrsfcld (e.g. l°*K4) has used extensively in 
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response to their point. I point out the functional connection between a key and 
a lock. Even if teachers have not raised the issue of fit versus match, 1st ill present 
the Iock-and-key metaphor because it, coupled with the other activities, is a 
vehicle for introducing the third aspect of constructivism. Von Glasersfeld 
argues that many different objects, including a key, can be used to open a lock. 
If these objects open a lock, then they fit it. Each object capable of opening the 
lock can be considered a key. The term 'fit* describes the functional capability 
of the key, not structure of the lock. Next, 1 establish a connection between the 
key and the knower, t hen between the lock and the external world. 1 point out that 
traditional views of knowledge focus on learning about the structure of the lock 
and the Hum Dinger inside the red bag; each represents the external world. In 
contrast, constructivism focuses on the functional capabilities of the keys and the 
teachers' Hum Dingers; each represents the knower. In summary, 1 introduce the 
focus of constructivism as the knower, the process of knowing, and knowledge 
as a functional adaptation. Again, 1 point out that constructivism does not focus 
on the external world. 

There is little doubt by now that many teachers are either in a state of 
Piagctian disequilibrium or ready to say, "1 don't believe or agree with this." My 
experiences clearly suggest to mc that most teachers' views regarding cpistcmol- 
ogy can be classified as traditionally objectivist, in that they believe knowledge 
corresponds to the structure of the external world. Von Glasersfeld (1984) calls 
this view metaphysical realism. Bringing the Explain phase to a close, 1 review 
and discuss the three aspects of constructivism that 1 have just introduced. 
Readers should remember that my goal is to enhance teachers' understanding of 
certain specific ideas of constructivism, not to convert their epistemological 
world views in a brief workshop or even a one-semester graduate course. 

Elaborations based upon the constructivist ideas explained above arc exten- 
sive in number. Two examples arc cooperative learning and inquiry instructional 
models (e.g. the Learning Cycle). Yet another elaboration, one that 1 will focus 
on here, is students' alternative conceptions and, of course, changing these 
conceptions. 

Beginning the Elaborate phase, 1 focus teachers' attention on students' 
alternative conceptions by saying, "Regardless of whether or not you believe or 
accept the constructivist notions that I have just introduced, I want to spend some 
time discussing students' notions about science concepts which are at odds with 
current scientific views and interpreting students' views from a constructivist 
perspective." To get started, 1 share with them a personal example which involves 
my eldest daughter, Amanda. Five years ago at the end of first grade, Amanda 
announced at the supper tabic that she knew why days become longer in summer 
and shorter in winter. My attention level markedly increased. After a sequence 
of father's questions and daughter's answers, ten minutes had elapsed, and 
Amanda had described and defended hcrtheory. Accordingto Amanda, the earth 
spins faster in winter and slower in summer. In response to several of my 
questions. I learned frum Amanda that: 1) the earth's spin meant its rotation on 
its axis; 2) she assumed that the earth spins; and 3) she explained the lengthening 
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and shortening of days in terms of the sun's position relative to her waking up in 
the morning and going to sleep in the evening. In summer, the sun is already up 
when she arises and is just setting at her bed time. In winter, the sun is just rising 
when she awakens and disappears long before her bed time. 

The practicing elementary teachers with whom I work generally smile and 
sometimes chuckle, but they express little surprise at my example, perhaps 
because they have many more examples of their own. In response, teachers 
typically tell about their own experiences, and an extensive sharing of students' 
alternative conceptions occurs. The examples arc far too numerous to mention, 
but they provide ample information for the next discussion. 

1 ask, "How do you suppose that youngsters come up with these ideas?" A 
common response from ichcrsisthat their students learn these ideas from other 
children. At this point, I focus the discussion on the constructivist notions that 
were introduced earlier and point out that within a constructivist view, the teacher 
is not the active transmitter, and the student is not the passive receiver of 
knowledge. Rather, learners actively build or construct knowledge using their 
prior knowledge. Given this perspective, I ask, "If the teacher is not the giver of 
knowledge, then what should the teacher be?" Elementary teachers, particularly 
those at the primary level, typically respond that youngsters need concrete 
experiences to learn best. I point out that they arc facilitating students' construc- 
tion of knowledge by setting up learning experiences with concrete, hands-on 
materials. Moreover, being a facilitator of and guide for their students 1 construc- 
tion of knowledge are important roles for teachers. 

Emphasizing the importance of prior knowledge and using Amanda as an 
example, I then point out that if we wish to help students to change their 
conceptions, then we must facilitate such change. At this juncture, we usually 
engage in an extensive discussion regarding activities for Amanda that could 
perhaps help her to reconstruct her personal theory about the lengthening and 
shortening of days. The discussion extends to other examples of students' 
alternative conceptions. Out of this discussion, I introduce the Learning Cycle as 
a guided inquiry instructional model which utilizes hands-on. minds-on activi- 
ties, is based on the constructivisl notions introduced earlier, and is appropriate 
for helping studcntschangcthcirconccptions . Because other writers (e.g. Stavcr 
& Shroycr, 199;*) in this volume have discussed the Learning Cycle in great 
detail, 1 refer readers to those chapters. Then, I focus the discussion on teachers' 
roles in utilizing the LcarningCycIc to help studcntschangclhcir conceptions. As 
a result of these discussions, teachers' reflect on their roles in carrying out guided 
inquiry instruction. Teachers consider, for example, that they should; (1 ) focus 
students' interest and curiosity by beginning with concrete activities; (2) ask 
probing questions toclicit students' responses which reflect students' conceptual 
understanding; (3) asksludcnts to provide evidence to support their explanations; 
(4) ask students to examine alternative explanations; and (5) look for evidence in 
students' explanations that students have modified their thinking. In concluding 
the Elaboration phase, 1 usually point out that an axiom of inquiry teaching for 
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conceptual change calls for teachers to ask lots of questions and to devise other 
instructional situations, which reveal what students think. 

The Evaluation phase is dependent on the length of time that I have with 
teachers. In a brief workshop, my evaluation is limited to informal means. The 
extensive interaction that has occurred allows me to assess their knowledge of 
constructivism and their acceptance or rejection of its basic ideas as 1 have 
introduced them. 1 strongly encourage teachers to design and carry out a segment 
of instruction using the Learning Cycle. I ask them to seek me out at local and 
state meetings of science teachers to tell me about their experiences. 1 also 
recommend that teachers look into the possibility of using some Full Option 
Science System (Regents, University of California, 1 992) or Science for Life and 
Living (BSCS. 1992) activities because these curriculum projects utilize the 
Learning Cycle. 

In graduate level courses, I have teachers do similar kinds of activities, but 
the Evaluation phase becomes more formal. For example, teachers design and 
teach Learning Cycle lessons, then debrief these teaching experiences in class. 1 
ask teachers to keep reflective journals. Sometimes 1 learn of new examples of 
students' alternative conceptions through teachers' journals. I occasionally ask 
teachers to write a paper in which they describe their own personal view of 
knowledge and its acquisition. 1 make it clear that they do not have to agree with 
constructivism. Rather, they must reflect and writeabouttheirown views. I have 
learned a great deal from such papers. 

A Concluding Thought 

Within a const ructivist perspective, science is a powerful and disciplined 
human activity for building knowledge that allows us to explain and predict the 
natural world. However, constructivists do not conclude that such knowledge 
corresponds with the structure of the outside world, regardless of its explanatory 
and predictive power. In teaching teachers to teach science, those of us, and 1 
count myself among them, who have adopted a const ructivist cpistcmology need 
to honor these fundamental theoretical principles in our own teaching. In this 
way, 1 hope to improve my own teaching and the teaching of those teachers with 
whom 1 interact. 
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Eliciting Preservice Elementary Teachers' 
Beliefs About Science Teaching 

and Learning 



Some of the major topics we address in our elementary science methods 
courses are hands-on problem solving, sequencing of instruction with particular 
emphasis on the learning cycle, constructivism, and epistemology. Before we 
begin our instruction, we find it helpful to ascertain our students' prior beliefs 
about these different facets of science teaching and learning. 

We have struggled to find ways to discover what our students really think 
about different aspects of science teaching and learning. We have taken our lead 
on how to elicit people's views from educators such as Osborne and Frcyberg 
(1985). They have used eliciting instances or events to uncover people's views 
about different science concepts. For example, if a teacher wants to discover 
fourth grade students' understanding of condensation, the teacher can use the 
following eliciting event. She places a glass full of water and ice on a table. The 
glass sits there for a few moments and the children observe as the outside of the 
glass becomes covered with droplets. The teacher asks the children, "Where did 
the 'stuff on the outside of the glass come from?" One student says, *it came 
through the glass. It's like osmosis or something." Another student says, "I think 
the water craw Is up the side of the glass and goes over the top edge and then drops 
down on the sides." A third student says, "No, the water on the outside of the glass 
is coming from the air and not from inside the glass." Immediately following the 
third student's response, several students shout out, "No way! The only water 
around is inside the glass so it has to be coming from inside the glass." This teacher 
has discovered a multitude of ideas her students have about water through the use 
of a concrete, eliciting event. 

Using a concrete, eliciting event is important if the teacher wants to discover 
the children's views and gain insight ahout particular ideas that she will need to 
address during instruction. Without a concrete, eliciting event, children often say 
nothing because there is no concrete situation to which they can relate or they 
simply say what they think the teacher wants to hear and attempt to regurgitate a 
textbook definition word for word. The same is true df preservice and experienced 
teachers. If you ask them to describe good science teaching, their descriptions will 
likely include phrases like hands-on, minds-on, cooperative learning, and teacher 
as facilitator of learning. If you then observe their lesson planning and teaching, 
however, you often find discrepancies between what they descrihed as good 
science teaching in a general discussion and the way they plan and teach. 
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Likewise, when asked to critique science lessons being taught, individuals' 
remarks about what makes a science lesson good often deviate from the earlier 
"hands-on bandwagon" that emerged during the general discussion. For ex- 
ample, some teachers who espouse the virtues of hands-on, minds-on problem 
solving in science outside of a specific context show, in reaction to specific 
teaching events, that they do not really believe that children can solve problems 
on their own. Thus, just as we must use concrete, eliciting events to tease out 
children's. ideas and beliefs about scientific phenomena, we must also use 
concrete, eliciting events to tease cut prcscrvicc teachers' ideas and beliefs about 
science teaching and learning. 

Why should we tease out prescrvice teachers' beliefs about science teaching 
and learning? The answer to this question develops from a construct ivist 
perspective on learning. This perspective operates on the premise that learners 
do not enter a new learning situation such as a science methods course as blank 
slates, but enter with ideas and beliefs which directly relate to and often conflict 
or interfere with the new ideas being presented. Furthermore, there is the premise 
that unless the learners' "entrance" or "current" ideas and beliefs are addressed 
during instruction, those ideas and beliefs will not necessarily be changed or 
replaced by new ideas and beliefs. Learners must have good reasons to change 
their minds. The old ideas must be seen as inadequate in the face of argument and 
evidence and the new ideas must be seen as reasonably supported by argument 
and evidence (Osborne and Freybcrg, 19S5). If a constructivist approach is to be 
taken in the education of science teachers, then teachers' views must be revealed 
and must be addressed cither directly through instruction or indirectly through 
planned experiences. We tease out our prcscrvicc teachers' beliefs, therefore, to 
identify not only what needs to be addressed in instruction, but to raise issues and 
introduce the topics to be covered in the science methods course. 

We have already stated that major topics covered in our methods courses 
include hands-on problem solving, sequencing of instruction with particular 
emphasis on the learning cycle, constructivism, and epistcmology. More specifi- 
cally, the methods of science instruction that wc address in our courses depend 
on teachers incorporating the following beliefs into their views of good science 
teaching. 

1. Children arc able to figure things out for themselves, solve problems, and 
create explanations. 

2. It is important to continually elicit and address children's views of scientific 
phenomena throughout instruction. 

3. An effective sequence of instruction is to begin with concrete, hands-on 
experiences and discussion of ideas that emerge from these experiences and 
then follow with a more formal concept introduction. 

4. Learning about relationships is more important than learning information 
and memorizing terms. 
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We have developed a set of eliciting events, teaching incidents, that we use 
to uncover prcservice teachers' "initial" beliefs about science teaching and 
learning. We then use their views to determine the extent to which they subscribe 
to the four beliefs described above and use the knowledge we acquire to plan 
meaningful methods instruction. 

The eliciting events consist of three pairs of science lessons taught in 
elementary classrooms. Each pair of lessons describes two different approaches 
to teaching the same science concept or topic at a particular grade level. Wc use 
these teaching incidents as the basis for detailed discussions on what constitutes 
good science teaching. Wc encourage our students to compare the lessons, 
indicate their instructional preferences, and state their reasons forthcir views. We 
guide the discussion by asking a scries of questions in which wc ask for students' 
viewson particular aspects of the science teaching and learning occurring in each 
lesson. 

Eliciting Events 

Lego Block Cars Lessons 

Wc use a pair of Lego block cars lessons to elicit prcservice elementary 
teachers' beliefs about problem solving and sequencing of instruction. The first 
version of the Lego block cars lessons is as follows: 

Jillian gives her second grade students Lego blocks and challenges them 
to use eight blocks to make a car that's strong and won't fall apart when 
dropped on the hard floor from a height of six feet. The children work in 
groups and each group makes a car which the teacher drops. The children see 
what happens to their car. Jillian asks the children questions to help them see 
the differences between cars that break into many pieces and cars that break 
into only a few pieces. Then the children redesign their car to make it 
stronger. They do this a number of times, testing and rebuilding. Jillian 
concludes the day's lesson by asking each group to save their strongest car. 

The next day Jillian asks the groups to show their strong car and to make 
some weak cars. She then asks the students to describe what makes a strong 
car strong and a weak car weak. 

The conclusions reached in this lesson are that a car is strong when there 
arc more connections among the parts and a car is weak when there arc fewer 
connections between its parts. 

The second version of the Lego block cars lessons is as follows: 

Ursula, a second grade teacher, makes 3 different cars out of Lego 
blocks. One car is weak (will easily fly apart into many pieces when it hits 
the hard floor when dropped from ft feet), one is moderately strong (breaks 
into 2 or 3 large pieces), and one is strong (docs m>t break apart at all). She 
drops each kind of car on the floor four times and counts the number of 
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"broken" pieces. She records 
headings for each kind of car (wea 

The chart looks like this: 



-umber of "broken" pieces under the 
uiddle, and strong). 



WEAK CAR MIDDLE CAR STRONG CAR 

3 . 2 1 

4 3 1 
3 2 1 

5 2 1 

She points out to the children that cars arc strong when more of the parts 
arc connected to each other. She also explains that cars arc weak when there 
arc fewer connections between their parts. 

Ursula finishes her lesson in one class session. 

Discussion of Lego Block Cars Lessons 

After our students have read the two lesson descriptions, we ask them to 
describe the differences between the two lessens. Then we begin to tease out their 
beliefs about different aspects of science teaching and learning by asking the 
following question: 

If you had to teach a Lego block cars lesson to second graders, would you 
teach the lesson like Jillian or Ursula? Why? 

Wc encourage our students to provide evidence and argument as to why their 
instructional preference is an effective instructional approach. The studcnls' 
rationales give us an initial idea of what they believe about science teaching and 
learning. 

Wc follow up on this open-ended discussion with a scries of specific, probing 
questions. The discussion questions wc use to gain a more indepth understanding 
of our prcscrvicc teachers 1 beliefs about hands-on problem solving and creating 
explanations arc as follows: 

a. Can most second graders solve the problem posed by Jillian and can they 
construct reasonable explanations? What is the basis for your views? 

b. Would most of Ursula's second graders be able to build a strong car on their 
own? Why or why not? 
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c. Would most of Ursula's second grade students beable to describe why strong 
cars are strong? Why or why not? 

The discussion questions we use to gain a more indepth understanding of our 
preservice teachers' beliefs about sequencing of instruction are as follows: 

a. Is it important for Jillian's second graders to have hands-on experience 
working with Lego blocks before Jillian talks with them about what makes 
a strong car strong and a weak car weak? Why or why not? 

b. If Ursula decided to add a hands-on experience to the lesson next time she 
teaches it, should Ursula's students work with the Lego blocks building cars 
before her explanation of what makes a strong car strong and a weak car weak 
or after her explanation? Why? 

To bring closure to the discussion of this pair of elicitingevents, we generate 
a list of concerns that our students have about using hands-on problems, asking 
children to create explanations, and sequencing of instruction. 

Preservice Elementary Teachers' Responses to the Lego Block Cars 



Many preservice teachers are fairly skeptical about the ability of students to 
solve hands-on problems such as building strong Lego block cars that won't fall 
apart when dropped. They explain their skepticism by stating that students will 
become frustrated if you ask them to figure out hands-on problems on their own. 
Some of our methods students suggest that children need to be shown what to do 
and many prefer Ursula's approach of demonstrating how to build and test weak, 
moderately strong, and strong cars. Some students also suggest that they can't sec 
how children can figure these challenges out because they view themselves as 
inadequate hands-on problem solvers. r i here is a range of v iews, however, within 
any methods class. Responses range from "impossible" to "maybe children can 
figure things out on their own." 

While many of our preservice teachers believe in the importance of concrete 
experience, they don't think most children can construct rudimentary explana- 
tions of their experiences. In fact, many of our students believe that Jillian's 
students will not be able to describe why strong cars arc strong and weak cars arc 
weak because Jillian didn't tell them why. 

Some preservice teachers feel that providing initial hands-on experience 
prior to formally introducing a concept is important in order to set a meaningful 
context. These individuals prefer Jillian's lesson. Others suggest that children 
need more guidance and explanation before an initial hands-on experience in 
order to reduce the frustration children may experience when attempting to do 
science. They suggest that Ursula's lesson docs just that. 

When students arc asked to list their concerns about using hands-on prob- 
lems, asking children to create explanations, and sequencing of instruction, they 
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make the following statements: 

• I'm really concerned about giving children hands-on problems to solve. 

• How can you really get kids to solve problems? 

• How do you get them to make sense of what is going on and generate 
explanations? 

• How will I ever be able to teach science that way if I've never been 
taught science that way? 

• I'm concerned about giv'ng kids stuff to experiment with before I've 
thoroughly explained the concept. They won't know what to do. 

• Won 't they be frustrated and confused? 

Next, wc ask our students to examine another set of eliciting events. 

Heat and Insulators Lessons 

We use a pair of heat and insulators lessons to discover prescrvicc elementary 
teachers' beliefs about eliciting and addressing children's views of scientific 
phenomena. The first version of the heat and insulators lessons is as follows: 

Steven begins his unit on heat by asking his third grade class, "What is 
heat and where docs it come from?" After hearing that heat is what keeps you 
warm and that there are different things that make heat (stoves, lights, 
candles, fires), Steven asks students how they will keep warm when they go 
out for recess on this cold winter day. Students respond, "By wearing hats, 
gloves, scarves, and coats." 

Steven then takes two identical cups of hot water (at the same tempera- 
ture), uses a thermometer to show the students that the temperature of the 
water in both cups is the same ( 100 degrees) and then wraps one of the cups 
in a scarf. The students predict that the cup of water which is wrapped up will 
be warmer than the unwrapped cup after 10 minutes. While 10 minutes pass, 
the students draw pictures of one way in which heat is important in their 
everyday life. After 10 minutes is up. a student measures the temperature of 
water in both cups and finds the water to be warmer in the wrapped cup. 
Steven explains, "The scarf prevented the heat from being lost from the cup 
of water. The scarf was an insulator." Steven writes the word "insulator" 
on the board and defines it as a material that keeps heat front being lost. 
Steven asks students to think of otho; examples of insulators. Students 
respond with a number of examples including "the pink stuff in the wallsof 
our homes" and "the warm clothes that we wear when wc go outside in the 
winter." 
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The second version of the heat and insulators lessons is as follows: 

Tcrrcncc begins his heat unit by showing his third grade class two 
identical cups of hot water. He uses a thermometer to show the students that 
the temperature of the water in both cups is the same (1 50 degrees F) and then 
wraps one of the cups in a scarf. The students predict that after 10 minutes 
the cup of water which is wrapped up will be warmer than the unwrapped cup. 
While waiting for the results, Terrcncc asks the class why they think the 
wrapped cup will be warmer. Sue says, ''Scarves arc hot/' Jonathan says, 
"Scarves and hats make you hotter." Malcolm adds, "If you leave the scarf 
around the cup of water long enough, it might get to a thousand degrees!' 1 As 
Terrence listens to his students* explanations, he realizes that a number of 
children believe the scarf will heat up the water in the wrapped cup and make 
it even hotter than it started out. Terrcncc checks his idea by saying, "The 
ten minutes is just about up. Will the temperature of water in the wrapped 
cup be higher, lower, or the same as it was 10 minutes ago?" Most students 
respond, "Higher." 

The 10-minute period is up and the students learn that the temperature 
in the wrapped cup went down 10 degrees and that the temperature in (he 
unwrapped cup went down 30 degrees. A number of students arc amazed that 
the wrapped cup didn't get hotter. Jonathan insists, "The wrapped cup should 
have gotten hotter. It must not have been wrapped lightly enough. Cold air 
isgctting in!" Most of the class agrees with Jonathan. Christine suggests that 
a thermometer be wrapped tightly in a scarf so no cold air can get in. Most 
agree that the scarf will make the temperature go up especially i f the scarf and 
thermometer arc left overnight. 

The next day, the students arc dismayed when they discover that the 
temperature on the wrapped thermometer is the same as it was yesterday 
when they wrapped the thermometer. Christine suggests, "Maybe scarves 
and hats don't make things warmer; they just keep things the same or keep 
them from cooling off so fast." While a number of students agree with 
Christine, there are still a numbe r who agree with Jonathan and hold on to the 
idea that "scarves and haU and other things make things hotter." 

In a later lesson. Tcrrcncc puts an electric heating pad in a closed 
cardboard box (a simulated house) and finds the temperature inside the box 
rises to a certain temperature and just stays there. He then adds what he calls 
insulating materials (scarves, hats, paper) to the outside of the house and the 
temperature inside the house rises. By interacting with the students, he and 
a number of students explain that the house gets warmer because the 
insulating materials keep the extra heat which is added by the heating pad 
from getting out. If the pad is turned off, the insulating materials keep the 
house warm longer but do not make the house warmer. Insulators don't add 
heat; they just keep heat in or out. Tcrrcncc wonders, however, whether 
Jonathan is finally convinced that insulators don't add heat. 





BEST COPY AVAILABLE 



126 * Behind the Methods Class Door 



Discussion of Heat and Insulators Lessons 

After our students have read the two lesson descriptions, we ask them to 
describe the differences between the two lessons. Then we begin to tease out their 
beliefs about different aspects of science teaching and learning by asking the 
following question: 

• If you had to teach a heat and insulators lesson to third graders, would 
you teach the lesson like Steven or Terrcncc? Why? 

We encourage our students to provide evidence and argument as to why their 
instructional preference is an effective instructional approach. The students' 
rationales give us an initial idea of what they believe about science teaching and 
learning. 

We follow up on thisopen-ended discussion with ascriesof specific, probing 
questions. The discussion questions we use to gai n a more indepth understanding 
ofourprcservicc teachers' bclicfsaboutclicitingand addressing children's views 
of scientific phenomena arc as follows: 

a. Do you think the children revealed most of what they know about heat (heat 
keeps things warm and comes from different things) in Steven's opening 
discussion? 

b. How might students have acquired ideas about heat prior to Steven's 
instruction? 

c. Terrcncc's third grade students had ideas about heat prior to any formal 
instruction by Terrcncc. Do most third graders bring ideas to most science 
lessons? What makes you think that? 

d. Should Terrcncc have continually allowed students to state their views of 
heat throughout the lesson? Why or why not? 

c. Is Terrcncc's student, Jonathan, a typical student? Will most third graders 
continue to holdon tothciroriginal ideas when shown that thciroriginal ideas 
arc incorrect? Why or why not? 

f. Would Steven's demonstration and explanation have corrected Jonathan's 
mistaken ideas? Why or why not? 

To bring closure to the discussion of this pair of eliciting events, we generate 
a list of concerns 1 hat our students have about eliciting and addressing children's 
views of scientific phenomena. 

Presen ile Elementary Teachers' Responses to the Heat and Insulators 



Some prcscrviee teachers believe children construct and bring lots of ideas 
to the classroom. Others feel children bring very few ideas to the science 
classroom and tel I us that Tcrrcncc's students were an exception to the rule. Many 
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preservice teachers think that there are instructional disadvantages to continually 
encouraging childien to state their alternative views. They tell us that Terrence's 
approach reinforces the children's scientifically incorrect ideas. Many preservice 
teachers highly underestimate the commitment many children have to their 
alternative views. They see Terrence's student, Jonathan, as an atypical student. 
Often teachers believe that a clearly presented explanation is sufficient for 
changing children's views. They suggest that if Terrence had used Steven's 
demonstration and explanation, Jonathan would have understood heat and 
insulators. 

When studen's are asked to list their concerns about continually cliciiingand 
addressing children's views of scientific phenomena during instruction, they 
make the following statements. 

How do you get children to tell you what they really think? 

* Isn't it risky to encourage children to continually talk about their 
scientifically inaccurate ideas? 

What do you do when you discover that children have some scientifically 
inaccurate ideas? 

• How do you get children to change their views to the scientifically 
accurate one and how do you know when they have really changed their 
views? 

We then present our students with a third set of eliciting events to discover 
their beliefs about other aspects of science teaching and learning. 

Owl Lessons 

We use a pair of owl lessons to elicit our students cpistcmological beliefs 
concerning the relative importance of acquiring information and understanding 
relationships. The first version of the owl lessons is as follows: 

lan teaches titth grade and has taken part in a new program for teachers 
which is sponsored by a local wildlife organization. Rather than send 
wildlife experts into classrooms, this organization educates teachers about 
various critters which the teacher can take into his or her classroom. 

One day Ian takes Charlie, a live, caged barn owl, into his classroom for 
a lesson, lan explains that Charlie is not a pet and would not be in the 
classroom or anywhere in captivity if he was able to fly. lan tells the class 
that a long time ago Charlie broke his wing which did not heat properly. 
Charlie cannot fly to catch his own food and would likely starve if he was 
allowed to go free. In the wild, Charlie would cat mostly mice, rats, and other 
small mammals. Ian tells the class that someone once saw a young barn owl 
eat 9 mice one right after the other but could not swallow the tail of the last 
mouse. Young owts can cat over 15 mice a day. Barn owls sometimes cat 
small birds, bats, frogs, and some insects. Charlie is cal led a barn owl because 
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this kind of owl sometimes lives in barns or deserted buildings. At other 
times barn owls live in hollow trees. Barn owls never build nests. 

Adult barn owls often live as pairs and become mother and father to 
between 5 and 1 5 baby owls each year. It's hard to tell male and female barn 
owls apart. Males and females arc colored alike and often the female is 
larger. Young barn owls look like their parents. Both the mother and father 
spend time sitting on the eggs to keep them warm before the hatching. Most 
of the time the mother sits on the eggs. Unlike many birds, there can be 15 
days between the time the first egg is hatched and the last egg is hatched. A 
fifteen day old owl can be rather large and is usually very hungry. This 
sometimes poses a threat to a newly natched brother or sister. 

Ian asks the students to describe Charlie's face. Some students say that 
it is in the shape of a heart. Others say that it looks funny, like a monkey. Ian 
tells the students that sometimes barn owls arc called monkey-faced owls. 
Barn owls arc found in a lot of different places — in the cast, far west and 
south. Sometimes barn owls arc found in Mexico and South America. Ian 
says that the average barn owl has a 47-inch wing span, is usually 21 inches 
long, and has a 7-inch long tail. Ian tells the students that Charlie is smaller 
than average since he is 1 S inches long and has a six inch tail. Since one of 
Charlie's wings has been broken, it is hard to measure his wing span. 

During recess many of the students spend time watching Charlie. After 
recess, Ian has the students help him make a bulletin board which summa- 
rizes all that they have learned about Charlie and barn owls. 

The second version of the owl lessons is as follows: 

Tyron learns that Julie, one of his fifth grade students, has a stuffed barn 
owl. Tyron asks Julie to bring in the owl and tell about it. When Julie is 
finished telling about how her family acquired Hooter, her stuffed barn owl, 
Tyron begins a lesson about owls. With Hooter in plain view of everyone. 
Tyron projects a drawing of a chicken on the screen and asks, "How arc the 
owl and chicken alike and how arc they different?" The differences arc most 
apparent and the students comments arc summarized and listed on the board. 

Tyron reviews when he says that an animal usually survives if it can get 
its food and can avoid becoming food. Most students agree that chickens cat 
seedsor grain and that Hooter would probably eat mice which arc most active 
at night. Tyron then directs students' attention to Hooter and asks, "What is 
it about Hooter which might help him find and capture mice?" 

'To help answer that question, Tyron has prepared a chicken and owl 
game. One student becomes a chicken and another becomes an owl. Six 
students volunteer to be mice controllers. The "chicken" gets a blind fold 
which covers one eye completely and the other eye partially. The partially 
covered eye represents the small eye of the chicken. When the chicken looks 
down at the ground with one eye, the other eye on the other side of the head 
looks up toward the sky. Chickens look for something on the ground with 
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one small eye. The "chicken" can only grab things with its fingers (front 
toes). The "chicken" cannot use its thumbs (no back toes). A chicken cannot 
hear very well so cotton is placed in the "chicken s" ears. The "owl" on the 
other hand gets no cotton in the ears, no blind fold, and can grab things with 
fingers (front toes) and the thumb (back toe). The "owl" and "chicken" arc 
taken to an area of the floor which is covered with sheets of wadded up 
newspaper (fallen leaves). Under the newspaper are hidden mice in the form 
of balls of socks. The sock balls (mice) are connected to strings which arc 
controlled by students (mice controllers) sitting off to the side of the 
newspaper area. When the strings are pulled the mice move. Mice arc to get 
to the side without being caught. 

The "chicken" and "owl" stand near the newspaper area (forest floor 
with leaves). They can reach into the area but they cannot sit or stand in the 
area, nor can they feel for the mice under the newspaper (leaves). They must 
wait until they sec some movement or hear some noist and then make their 
pounce to grab the mouse. 

The room is darkened (it is night time when mice move about) and the 
game is played. A number of children get to try the various roles. It is clear 
that owls with good hearing, front and back toes for grasping, and two large 
eyes are much better suited for finding and catching mice than arc chickens. 

Tyron concludes the lesson by focusing on Hooter. The big eyes make 
it easier to see at night. Having both eyes looking forward helps in locating 
objects. The front and back toes with sharp claws make it easy to grasp and 
hold on to things. Hooter's sharp, hooked beak can penetrate and hold on to 
things and tear them apart. Tyron draws a picture of a barn owl and shows 
how its cars (h idden under the feathers) start above each eye and circle down 
on the front of the face to the owl's throat. The students sec how big ears on 
a big face make it possible for owls to hear very well. Hooter is well suited 
for finding and capturing mice at night. 

Discussion of Owl Lessons 

After our students have read the two lesson descriptions, wc ask them to 
describe the differences between the two lessons. Then wc begin to tease out their 
beliefs about different aspects of science teaching and learning by asking the 
following question: 

• If you had to teach an owl lesson to fifth graders, would you teach the 
lesson like Ian or Tyron? Why? 

Wc encourage our students to provide evidence and argument as to why their 
instructional preference is an effective instructional approach. The students' 
rationales give us an initial idea of what they believe about science teaching and 
learning. 
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Wc follow upon thisopen-ended discussion with a seriesof specific, probing 
questions. The discussion questions we use to gain a more indepth understanding 
ofourprescrvice teachers' beliefs about learning about relationships and learning 
information and memorizing terms are as follows; 

a. Ian presented lots of interesting factual information about barn owls. Tyron 
chose to relate a few owl characteristics with how owls locate and capture 
their food. In doing so, Tyron explains why the owl's characteristics are the 
way they are. Which ki nd of knowledge do you value more and prefer to pass 
along 10 your students? Why? Which kind of knowledge would you 
emphasize? Why? 

Preservice Elementary Teachers' Responses to the Owl Lessons 

Prescrvice elementary teachers' experience much tension when asked to 
make instructional decisions conceding whether to emphasize tacts or relation- 
ships in their science teaching. Some state that it is important to cover the basic 
facts because that is what children will be tested on. They believe that lan's 
students will be better prepared for tests. Others suggest that focusing only on the 
basic facts turns science into Jeopardy or Trivial Pursuit. These individuals argue 
that it is better to cover less and take the time to focuson how th ings arc connected 
or related. These individuals state that while Ian's use of the live owl is great, 
students will become bored with the lonp presentation and remember little of it. 

Sometimes prescrvice teachers think that relationships arc too difficult for 
children to understand. They think that Tyron 's students won't be able to sec the 
connection between structure and function. 

When students are asked to list their concerns aboui emphasizing informa- 
tion or relationships during science instruction, they make the following state- 
ments. 

• I'm worried that if I don't cover all the information, my students will do 
poorly on standardized tests. 

I'm worried that students won't understand the relationship I'm trying to 
teach. 

• How do you teach information in an exciting manner and make it relevant 
and meaningful? 

• I low much information is too much? 

• 1 low do you clearly illustrate relationships? 

At the conclusion of the aforementioned exercise, wc use our course syllabi 
to show students where wc will be addressing their beliefs and concerns about 
hands-on problem solving, sequencing of instruction, eliciting and addressing 
children's views of scientific phenomena, and their views of the relative impor- 
tance of learning information and of relationships. Wc also tell them that wc will 
ask them to reevaluate the three pairs of lessons later in our courses. 
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Concluding Remarks 

Through the use of these eliciting events we have become more aware of the 
beliefs and concerns that our students bringto our methods classes. We recognize 
the importance of discovering their beliefs and concerns and we use them to plan 
effective methods instruction. 

We believe that this exercise is the beginning of our instruction. We model 
the importance of uncovering students' views, demonstrate one method of 
eliciting students' views, expose our students to some different ways to teach 
several science concepts, and encourage our students to reflect on what consti- 
tutes good science teachingand learning. Wcencouragc our students to state their 
views and provide reasons for their views. Wcencourage our students to question 
and seek solutions through systematic inquiry and discourse. We challenge our 
students to become reflective practitioners. 
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Helping Middle School Pre-Service 
Teachers to Address Students' 
Alternative Conceptions 



Saouma BouJaoude 



The notion that students construct their own understandings about how the 
natural world works is well established in the science education research 
literature (e.g.. Hewson, Shuell, 1987). Research has also shown that ihcse 
understandings are common, invariably different from the accepted scientific 
understandings, and hard to change through traditional instructional methods 
(Blosser, 1987). 

Researchers have identified students' understandings in a variety of scie.icc 
topics and have recommended methods to affect conceptual change (Pope & 
Gilbert, 1983; Strike & Posncr, 1985). For example. Strike and Posncr (1985) 
have suggested the following conditions for the success of conceptual change: 

1 . There must be some dissatisfaction with the existing concepts. 

2. The new concepts must be intelligible. 

3. The new concepts must be initially plausible 

4. The new concepts must be fruitful. 

Major projects translating research regarding students' understandings into 
practical approaches to teaching nave been conducted at the Institute of Research 
on Teaching, Michigan State University; Leeds University Center for Studies in 
Science and Mathematics Education, Leeds University, Leeds, England; and 
Learning in Science Project, University of Waikato, Hamilton. New Zealand 
among other places. 

Besides recommending specific conceptual change strategics, many re- 
searchers have suggested ways to incorporate conceptual change teaching strat- 
egics and topics related to alternative conceptions research in science teacher 
preparation programs (e.g.. Smith & Anderson. 1984 and researchers at the 
Center for Studies in Science and Mathematics Education, Leeds, England and at 
Waikato University, New Zealand). Smith and Anderson (1984), for example, 
recommended the following elements to be included in prc-servicc and in-service 
tcachci preparation programs: 1) developing ideas about conceptual change, 2) 
generic strategics to implement conceptual change activities. 3) knowledge of 
some common alternative conceptions, 4) skills for adapting curriculum materi- 
als to teach for conceptual change, and 5) skills to diagnose and recognize 
alternative conceptions from students' answers. 
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While science educators consistently recommend incorporating ideas from 
research on students' understandings into the teaching-learning process, research 
on science teachers' classroom practices suggests that most science teachers still 
subscribe to a dissemination teaching paradigm. Consequently, there is a 
pressing need to emphasize conceptual change strategies in pre-service teacher 
preparation courses. 

The purpose of this paper is to describe one component of a science education 
course — called mini-course for the purposes of the discussion in this paper — 
designed to help middle school teachers incorporate ideas from research on 
students' undcrsiandings and conceptual change in their teaching. This mini- 
course includes the following components: 

1. Using student evaluation and hands-on activities to introduce pre-service 
middle school teachers to the possibility of the existence of alternative 
conceptions. 

2. Using written responses to a science problem to educate pre-service teachers 
to detect alternative conceptions. 

3. Using questionnaires found in the science education literature to collect 
alternative conceptions about two science concepts. 

4. Training pre-service teachers in analyzing questionnaire responses. 

5- Introducing pre-service teachers to teachingmcthodsto helpstudentschange 

their alternative conceptions. 
6. Helping pre-service teachers in designing teaching units using conceptual 

change strategies. 



During the first session of the mini -course, pre-service teachers respond in 
writing to several open-ended questions regarding their ideas about evaluation 
and attribution of students' mistakes. The purpose of this activity is to make the 
pre-service teachers aware of the fact that traditional evaluation methods do not 
provide us with sufficient information about students' ideas about the subject 
matter. Questions such as the following arc used to elicit these ideas: 1) Why, in 
your opinion, do students fail tests?; 2) Please comment on the following 
statement: all that good teaching requires is "clear, concise, and enthusiastic 
presentation of new material; 3) What docs the statement "my students under- 
stood the material I taught today" mean to you?; and 4) Why are tests necessary? 

The following excerpts represent typical student-teacher responses on the 
above questions. These responses show that pre-service teachers think of 
evaluation as summativc, the sole purpose of which is to assess students' 
acquisition of knowledge presented in class. 

PT3 You evaluate students at the end of a unit to find out if they have achieved 
the instructional objectives at a satisfactory level. 



Description of the Mini-Course 
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PT4 You evaluate students to find out if you have met the objectives in the 
lesson plan. 

PT8 When I evaluate my students I want to find out if they have achieved the 
objectives of the unit. 

Moreover, the following responses show that pre-service teachers had not 
thought about the possibility of the existence of alternative conceptions and that 
they attribute students* failure on tests to lack of ability, lack, of effort, or both. 

PTI Students do not do well on tests because they do not study the material. 

PT3 Students fail tests because of poor study habits and test taking skills. Also, 
some students do not (cannot) understand the concepts. Sometimes they 
understand the concepts but can't exactly tell what the question was 
asking. 

PT6 Students fail tests for many reasons. Often they don't study. Many times 

they cannot learn the material presented to them. 
PT9 They do not study and *hey do not pay attention in class. 

The responses to the open-ended questions are used to stimulate a discussion 
of other possible causes for performing poorly on tests. At this stage the idea of 
the existence of students' alternative conceptions is introduced using a demon- 
stration. In this demonstration equal quantities of steel wool are suspended from 
the arms of a scale so that they are balanced, and the pre-service teachers are asked 
to predict to what side the balance would tilt if one of the pieces of steel wool was 
burned. Typically, pre-service teachers predict that the scale would tilt toward the 
unburned side because "when things are burned they weigh less". The n, when the 
demonstration is conducted, the balance tilts toward the burned side. The result 
of the demonstration initiate a discussion about alternative conceptions, their 
sources, and possible ways to identify them in students. In addition, this 
demonstration shows pre-service teachers that students' scientifically unaccept- 
able responses could arise from their attempts to make sense of new situations 
based on their everyday experiences. Finally, this demonstration shows pre- 
service teachers that evaluating students' responses to oral and written questions 
in. terms of scientific correctness is not sufficient. Rather, there is a need to 
analyze these responses to get information about their thinking and alternative 
conceptions. For example, if students responses on a question such as the above 
one arc evaluated for correctness only, the information about the students' 
alternative conceptions wouid be missed and the alternative conceptions might 
continue to exist even after instruction. 

The two goalsof a second thrcc-hourscssion arc to a) enhance the pre-scrvice 
teachers' skills in scanning students' written responses and detecting possible 
alternative conceptions and b) provide them with more evidence for the impor- 
tance of in-depth analysis of students' responses to identify alternative concep- 
tions. 
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A technique recommended by Nussbaum ( 1 979) is used to accomplish these 
goals. The prc-scrvice teachers arc asked to read the explanations, one short and 
one long, of two high school students to a physical phenomenon (Table 1): 



Students' Explanations Used to Educate Student Teachers to Identify 
Students' Alternative Conceptions 



Students were asked to consider the following demonstration and provide 
explanations in terms of the particle theory. Sample explanations are given as 
"Answer A" and "Answer B." Your task is to analyze the answers to identify 
possible students' alternative conceptions. 

The demonstration: In a certain demonstration a flask full of air had a deflated 
balloon attached to a pipe coming out of the side of a scaled flask (figures arc 
usually provided). As the flask was heated by the flame the balloon inflated. 
Explain the phenomena using the panicle theory. 

Student explanations: 

Answer A. 

There is air in the hottlc which fills it and also fills sonic of the balloon which is 
not blown up. If .someone places the balloon with the molecules of the air above 
the flame then it becomes hot in the bottle and the air expands. The molecules 
move from the bottle to the balloon and this makes the balloon blow up 
(Nussbaum. IW.P.263). 

Answer B. 

There is air in the bottle which fills it and also fills some of the balloon which is 
not blown up. Scicntistsdiscovcred that the air which isinthebottlccontains very 
small particles which they also found to be like ball, can move and reach every 
place inthcairofthebottlc. Scientist callcdthcse particles molecules. Ifsomconc 
places the bottle with the molecules of the air above the tlamc, then it becomes 
ho. in the bottle and the air expands and blows up the balloon. This happens 
because of the law which says that things expand when they arc heated and also 
because when it becomes hot in the bottle then the very tiny molecules tend to go 
away from the hot place and so they move from the bottle to the balloon and this 
makes it blown up. Ifsomconc would like to sec what would happen if the bottle 
were cooled down, he would find that the balloon would shrink because of the law 
which says that things shrink when they arc cooled. But with water it docs not 
happen so since when water is cooled below 4° then, amazingly enough, it would 
expand. This is w hat they call the anomaly of water (Nussbaum, 1*179. P. 263). 
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Prc-scrvicc teachers are asked to take two minutes to read each response and 
provide a numerical and a shon written evaluation of each of them (two minutes 
are used to simulate the approximate time teachers have to correct similar 
questions). After the two minutes pass, the pre-service teachers' evaluations are 
tabulated on the board. The tabulated results illustrate the variety of the teachers' 
evaluations. Typically, pre-service teachers give grades ranging from 4 out of 10 
to 10 out 10 for each question. The short written evaluations range from poor to 
excellent. The discussion that follows demonstrates the need to read and evaluate 
students' responses more carefully, not just to give a grade, but also to detect 
alternative conceptions, even under the time constraints that a teacher faces 
during grading. 

The pre-service teachers arc then asked to work in small groups to identify 
the alternative conceptions that exist in the two responses. Moreover, they are 
asked to discuss the possible sources of these alternative conceptions. A 
discussion follows this exercise during which the identified alternative concep- 
tions and their possible sources arc discussed. In addition, the differences 
between mistakes and alternative conceptions and the existence of alternative 
conceptions in different science topics arc discussed. 

Finally, different techniques to identify students' alternative conceptions arc 
discussed including interviews and questionnaires. Thct wo interview techniques 
discussed ure the Intcrvicw-About-Evcnts and the Interview-About-lnstanccs as 
presented by Osborne and Frcybcrg ( 1 985). In addition, prc-scrvicc teachers arc 
introduced to the methodology used to design questionnaires to identify alterna- 
tive conceptions recommended by Osborne and Freyberg (1985). 

As an assignment, each of the prc-scrvice teachers is required to administer 
one of two questionnaires designed to collect students' alternative conceptions. 
The first questionnaire is the "Misunderstandings Test" that surveys students' 
understandings about the concept of burning described in BouJaoude (1992). 
This questionnaire contains 1 3 two-tier type questions (see Peterson, Trcagust & 
Garnctt, 1 986, for a description of two-tier type questions). The first part of the 
question is multiple choice while the second part asks the students to explain their 
choice in the first part. The second questionnaire is "A survey of students' ideas 
about force" (Scholium, Hill, & Osborne, 1981). This questionnaire contains 10 
multiple choice questions. Questionnaires rather than interviews arc used by the 
prc-scrvicc teachers to collect students' alternative conceptions because of: time 
limitations, the difficulty of training prc-scrvicc teachers to conduct interviews in 
the time provided, and the practicality of using questionnaires to collect alterna- 
tive conceptions in real classroom situations. 

The two questionnaires are administered to students at different grade levels 
(gradeS, 10, 11, and first year college levels). There are two reasons for collecting 
students' alternative conceptions at the middle school, high school, and univer- 
sity levels. First, this exercise demonstrates to the student teachers that alternative 
conceptions continue to exist even after "successful performance" in formal 
science instruction and that there is a need toaddrcss these alternative conceptions 
as early as possible. Second, thisexcrcise shows the student teachers thai students 
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at different cognitive levels continue to have alternative conceptions and this 
phenomenon is not restricted to concrete operational students. In addition, a few 
pre-service teachers arc asked to analyze responses of Grade 10 Lebanese 
studentson the Misunderstandings Test to show them that alternative conceptions 
are not necessarily culturally specific. 

During a third three-hour session the survey results on the multiple-choice 
part of the Misunderstandings Test arc tabulated on the board (Table 2). 

The tabulated results demonstrate to the pre-service teachers that students at 
different educational levels and in different cultures have similar alternative 
conceptions and that these alternative conceptions persist even after students 
have studied :he subject matter covered by the questionnaires. In the discussion 
that follows, the pr^ -service teachers arc asked to describe the characteristics of 
students' alternative conceptions using the example of burning as a stimulus. 
Typical ideas that come out of the discussion include the following: 

1 . Students' explanations of science events arc driven mostly by their observa- 
tions of the visible physical changes. 

2. Students attempt to use "big scientific words" to mask their inability to 
provide scientific explanations. 

3. Most of the alternative conceptions may be genuine attempts to explain 
observations. 

At this stage the pre-service teachers arc introduced to several strategies to 
address students* alternative conceptions in the science classroom. The major 
strategy is the one recommended by the Leeds University Center for Studies in 
Science and Mathematics Education ( 1 ^87). This strategy is designed to: a) elicit 
students' prior knowledge; b) provide students with experiences to encourage 
them to extend, develop, or change their ideas; c) provide strdents with opportu- 
nities to try their ideas in familiar and unfamiliar situations, and d) provide 
students with opportunities to reflect upon their ideas and how these idcaschangc. 
Then, the course instructor demonstrates how the four ps listed above can be 
used tn design a unit on burning using the alternative conceptions identified by 
the pre-service teachers. This unit includes a survey to identify students' 
alternative conceptions about burning (to elicit students ideas), hands-on activi- 
ties to address each i>f the identified alternative conceptions, and activities to 
extend students' ideas into beyond the classroom. The worksheets accompanying 
the activities in the unit require students to explain specific events and reflect, 
individually or in groups, on the explanations and results of activities. The 
emphasis during this part of the mini-course is on showing pre-service teachers 
thai addressing student! ' alternative conceptions requires the use of carefully 
planned activities that help students to think through their own alternative 
conceptions and construct their own scientific explanations. 

Additionally, the prc-scrvicc teachers arc provided with opportunities to 
inspect and discuss instructional materials designed to address students' alterna- 
tive conceptions (e.g.. Approaches to Teaching the Particulate Theory of Matter 
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Table 2 

Students ' Responses on Three Items of the Misunderstandings Test Collected 
by the Student teachers 

Question #1: 

Consider what some people say about wax when a candle burns. In your view which is the 
best statement about wax? 

a. The wax is burned in the candle flame. 

b. The wax is not burned up; it holds up the wick as the wick burns. 

c. The wax is not burned up; it melts and stops the wick from burning loo fast. 

Grade l>evel Responses to Question #1: 

G8 USA GK) USA G 10 Lebanon G 1 1 USA College ( I ) 

a: 113 \{)7c 30Ct I0 r /f 229; 

b. 11* \57< [0% \59< m 

e. 1M 15 r t an 75 ( >; 78<7r 



Question #2: 

Equal quantities of steel wool are suspended from the arms of a scale so that they arc 
balanced. The steel wool on side A is exposed to a flame for a long period. What happens 
to the scale after heating? 

a. It tilts down on side A. 

b. It tilts down on side B. 

c. It stays the same. 

Grade l>evel Responses to Question #2: 





G8 USA 


G10 USA 


G1C) Lebanon 


Gil USA 


College (1) 


a. 


Wi 


15 r * 


5't 


5'* 


ll r / f 


b. 


75'? 


K5'? 


52 ( y< 


80'? 


72 n 


c. 




O'v 


43'-; 


15'? 





Question #3: 

Several matches were suspended inside a tightly closed flask. The mass of the flask was 

then measured. When the glass was heated, the matches caught fire and burned. The flask 

was then allowed to cool. The mass of the flask after cooling will be: 

a. More. 

h. Less. 

c. The same. 



Grade Level Responses to Question #3: 



G8 USA 


G10USA 


G10 Ix-banon 


Gil USA 


College (1) 


a. 53'? 


an 




17'.? 


!5 r { 


b. 270? 


32'* 


47'? 


33'? 


35 


c. 20'-? 


42<; 


31'* 


50'? 


50'y 
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(1987) produced by Leeds University Center for Studies in Science and Math- 
ematics Education; Burning: a Resource Unit for teachers, (Scholium, 1982) 
produced by the Learning in Science Project in New Zealand; and Food for plants: 
Teachers' Guide (Roth, .1985) produced by the Institute of Research on Teaching 
at Michigan State University. 

While the major method to address students' alternative conceptions and 
affect conceptual change discussed in class is the one described above, other 
strategics, such as using the history of science, discrepant events, and analogies 
to correct alternative conceptions arc introduced and discussed. 

During the fourth three-hour session, the pre-scrvice teachers are introduced 
to the psychological and philosophical terms used in research on students' ideas. 
Terms such as constructivist and transfer view of learning, alternative theories, 
naive theories, children's science, and commonsensc ideas arc introduced and 
discussed at this stage. Also, the philosophical and psychological reasons for 
using the different terms arc discussed. Furthermore, the role of the teacher, the 
role the student, the state of mind of the student, the nature of learning, and the 
nature of knowledge in a constructivist and transfer view of learning, and the 
implications on curriculum and tcachingof usinga constructivist view ot'learning 
arc discussed. At the end of this session, pre-scrvice teachers arc required to 
design instructional units to correct students' alternative conceptions using the 
recommendations and strategics that arc discussed in class and students' alterna- 
tive conceptions about different science topics identified in the literature. 

During the last session of the mini-course the pre-scrvicc teachers arc asked 
to respond to the same questions administered at the beginning of the mini-course 
to gauge the change in their conceptions about evaluation. The following 
excerpts illustrate that some pre-scrvicc teachers start thinking about evaluation 
as an integral component of the teaching process. What is more important, they 
start attributing student failure, in part, to persistence of incorrect prior knowl- 
edge or the lack of sensitivity of teachers to the existence of alternative concep- 
tions: 

PT6 There arc many different techniques that can be part of the presentation of 
new material. It is necessary to understand what prior knowledge, correct 
or incorrect, students have before introducing new material. Students 
might not do well later because iheir prior knowledge was not changed in 
teaching. 

PT°- It seems that students build "new knowledge" over old "wrung knowl- 
edge." Just as little children try to reason things out, so do old children. If 
it works, it sticks with them whether it is true or not. Students sometimes 
do not do well on a test because their old, "wrong knowledge" sticks with 
them . . . Material has to be taught in a way that makes sense to the students; 
otherwise the old knowledge docs not change. Also, a teacher has to 
evaluate accurately to know what the student really knows ... when 
students interact (ask questions and answer your questions) you get a feci 
for their understanding of the material. 
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Discussion 

This paper described a mini-course designed to help middle school pre- 
servicc science teachers identify and address students' science alternative con- 
ceptions. There is some evidence to suggest that the pre-service teachers 
participating in this mini-course become sensitive to issues related to alternative 
conceptions and start thinking of different ways to address them. The course 
starts by uncovcringstudent teachers' conceptions about evaluation, because it is 
through evaluation that teachers may discover that their students have alternative 
conceptions. To reinforce this idea, pre-service teachers use questionnaires to 
identify alternative conceptions. When the pre-service teachers are convinced of 
the existence of alternative conceptions and of the persistence of these concep- 
tions even after formal instruction, they arc introduced through discussion to a 
variety of methods to address these alternative conceptions using a variety of 
methods. Finally, the theoretical framework on which alternative conceptions 
research is based is discussed. Thus, the student teachers, for the most part, are 
convinced at the end of the mini-course that evaluation is not simply evaluating 
students' responses in terms of scientific correctness. Rather, they now think that 
for learning to take place students 1 answers should scrutinized for the existence 
of alternative conceptions and that teaching methods should be adapted to this 
reality. 

A number of pre-service teachers taking the mini-course get the opportunity 
to teach the units they design during their student teaching. Most of these pre- 
service teachers report that students enjoy this type of t \ching. However, they 
have provided the following barriers which need to be removed before conceptual 
change strategies become the preferred method of teaching. These barriers 
include: 

1. Pressure to covci all topics in the curriculum, especially at upper grade 
levels. 

2. Difficulty of using conceptual change strategies with large, mixed-ability 
classes. 

3. Scarcity of instructional materials to support teachers who choose to use 
conceptual change strategics in their classrooms. 

4. Lack of continuity between one class and another in the use of this approach. 
Several pre-service teachers were faced with resistance from host teachers 
who did not value student-centered teaching. 

5. Busting beliefs about the role of teachers and students in the classroom. 
Several prc-servicc teachers reported that their host teachers believed that the 
role of the teacher is to provide information while the role of the students is 
to learn this information. Any teaching approach that contradicted this belief 
was considered detrimental to student success according to those teachers. 

The above perceived constraints may become real when the pre-service 
teachers start teaching their own students in their own classrooms. Consequently. 
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to implement these methods they will need the support of their school community. 
More important ly there needs to be a change in the definition of what it means to 
be a good teacher. For conceptual change strategics to become the norm and not 
the exception, teaching should be viewed as helping students to construct their 
own meaning of science experiences rather than encouraging them to passively 
absorb information presented by teachers. 
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Increasing Student Curiosity, Persistence, 
and Critical Thinking During 
Science Activities 



During the past few semesters, I have become increasingly frustrated with 
my inability to develop in elementary science methods students the traits of 
curiosity, persistence, and critical thinking. 1 recognize, that as young children, 
theste students may have been natural Iy curious and sought to describe and sort the 
diverse materials they discovered during explorations of their world. As young 
children, they may have been curious and persistent and developed critical 
thinking skills while gaining an understanding of their surroundings. I also 
recognize that effective teachers of elementary science enable students to 
maintain or provide opportunities to acquire these traits while extending their 
first-hand knowledge of the world. From my observations, however, many (if not 
most) elementary science methods students have lost these traits or are unable or 
unwilling to display them. To become effective elementary teachers of science, 
they must regain the traits of curiosity, persistence, and critical thinking and 
display them. 

Blaming students for these short-comings is easy. They come to the 
university, lacking knowledge of science content and having little or no knowl- 
edge of science process skills. Many students dislike science and have grown 
used to si tting in class as passive learners. In spite of these student short-comings, 
an effective instructor of elementary science methods instills curiosity, persis- 
tence, and critical thinking. 



1 believe in active learning, following the constructivist model (Yager. 
I Wl ). 1 involve students in minds-on and hands-on activities at various levels of 
inquiry (Table 1 ). During the first few class sessions of my elementary science 
methods course, students participate in activities representative of the lower 
inquiry levels, where they receive a problem, procedure, and solution or just the 
problem and the procedure, but not the correct solution. In subsequent sessions, 
they participate in activities representative of the higher levels of inquiry, 
receiving a problem, but no set procedure or solution. 



John B. Bath 



Background 
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Table 1 

Levels of Science Inquiry 



Experimental Parts 
Level of Inquiry Problem Procedure Solution 


Level 3 (High) 


Determined by 
student 


Determined by 
student 


Determined by 
student 


Level 2 (Moderate) 


Given by by text 
or teacher 


Determined by 
student 


Determined by 
student 


Level 1 (Low) 


Given by text 
or teacher 


Given by text 
or teacher 


Given by text 
or student 


Level 0 (None) 


Given by text 
or teacher 


Given by text 
or teacher 


Given by text 
or teacher 



My frustration has been with students apparent lack of curiosity, persistence, 
and critical thinking during activities regardless of the level of inquiry. During 
inquiry level 0 activities, students have read the problem, followed directions, and 
verified a solution. Generally, students have followed directions and have 
completed these activities with few difficulties. They stopped their activity, 
however, with no further interest, when they obtained the given solution. Those 
not obtaining the given solution also stopped their activity, apparently unwilling 
or unable to determine what went wrong. 

When no correct solution was given (inquiry level 1), students became 
frustrated when they realized I was unlikely to verify their solutions, but asked a 
scries of questions in an attempt to determine their confidence in their solution 
and the procedures used to obtain that solution. Most students checked their 
solution with other students. They ceased activity if their solution agreed with 
other students. They also ceased activity if their solution did not agree. 

Activities at inquiry levels 2 and 3 have increased their frustration and mine. 
Students were free to design their own procedures at level 2 and to develop their 
own problems at level 3. They displayed a lack of curiosity, persistence, and 
critical thinking by completing the minimum, most obvious problem, and they 
made no attempt to confirm solutions or check inconsistencies in the data they 
obtained. 

I believe effective teachers of elementary science must display the traits of 
curiosity, persistence, and critical thi nking if they arc to maintain or increase these 
traits in their elementary students. CoRT (Cognitive Research Trust), a program 
created by Edward deBono (1985), is used by many businesses to improve 
employee thinking skills. The program uses direct teaching of lower and higher 
level tools that enhance the ability of people to think critically. I now use four 
Inwcr-Icvel CoRT lools during science inquiry activities in an effort to increase 
student curiosity, persistence, and critical thinking. 
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Purpose 



The purpose of this paper is to describe my attempt to use four CoRT tools 
(analyze, consider all factors, other people's view, and select) and one science 
process skill (operationally define) to increase the curiosity, persistence, and 
critical thinking skills of university students during elementary science inquiry 
activities (Costa, 1976 and dcBono, 1985). 1 teach and implement the CoRT tools 
with a pendulum activity. 1 expect students to incorporate the CoRT tools in a 
future lesson plan and teach this lesson during field experience. 



1 begin CoRT instruction by modeling each of the four tools while investi- 
gating a wooden pencil. The first step is to analyze the pencil by identifying the 
parts. A pencil has an eraser, a wooden six sided 'cylinder', a solid graphite 
cylinder embedded in the wood, and a brass band to hold the eraser to the wood. 

Step two is to consider all factors that can affect each part of the pencil. I list 
the following: Make the eraser smaller or larger. Remove the eraser. Make the 
diameter of the pencil smaller or larger. Change the length of the pencil. Change 
the color. Vary the diameter of the graphite cylinder. Glue the eraser on the wood 
to eliminate the brass band. Use other materials besides wood. 

The third step is to .ve7ex7 the factors of personal interest. I am interested in 
how the diameter of a pencil affects the writing of primary children. 

The fourth step is to operationally define the selected variables. I decide to 
use three diameters of pencils. 5 cm, 10 cm, and 15 cm. Each pencil will be 20 
cm long. 1 will judge the manuscript writingof each child using a standard written 
paragraph and ten-point reference writing scale. 

The fifth and last step is to use other people's views. Although people view 
the same object, each sees it differently. In other people's views, there is an 
attempt to observe the object as another person might and talk with other people 
to obtain more information. For the pencil. 1 thought the following people might 
have interesting points of view: a 6-year-old student, pencil manufacturer, pencil 
salesperson, pencil advertiser, a teacher who normally writes with a pen, and a 
parent who uses a mechanical pencil. I attempt to think of pencils from each of 
these people's points of view. Seeking each of these people for their actual point 
of view is probahly better. 

1 use other people's views as the last step to elaborate and to extend the 
investigation beyond the classroom activity. Other people's views might be used 
as step three to gain different perspectives before selecting a problem of interest. 



I engaged groups of students by challenging them to use a string and set of 
washers to make a pendulum with the longest possible period. After this initial 
engagement, they began further investigation of the pendulum using the CoRT 



Modeling the CoRT Tools 



Implementing the CoRT tools 
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tools. During the prc-acti vit y discussion, we followed the first four steps outlined 
above. The students began the class investigation of pendulums after step four. 
Step five is part of the post activity discussion. 

Step 1: Analyze 

Students analyzed the pendulum by identifying its parts. Students identified 
the following five parts of a pendulum: (a) the stand or support, (b) how the cord 
is attached to stand, (c) the cord, (d) how the cord is attached to the bob, and (c) 
the bob (Table 2). They soon added more parts called '"other factors". 

Step 2: Consider All Factors 

Students considered all the factors that might affect each part of the pendu- 
lum. They identified many factors for use as independent and dependent 
variables and recognised the need to control other factors during their inquiry 
(Tabled). 

Step 3: Select 

Students selected the factors in which they had a personal interest. They 
identified many factors from which to choose after applying the CoRT tools of 
analyze and consider all factors. Many students displayed interest in more than 
one variable and decided to conduct further investigations. When stu< cnts 
selected independent and dependent variables, they seemed to understand the 
need tocontrol many of the listed factors. With the use of the CoRT tools, students 
explored many variables other than mass and length, understood the need to look 
at factors for controls, and selected one of two variables to explore during class. 
Many continued their explorations outside class. 

Step 4: Operationally Define 

Students knew how to operationally define variables from previous instruc- 
tion. They selected the variables of interest and explored and operationally 
defined each. Their operational definitions for the length of a pendulum generally 
included 50, and 70 centimeters. Many decided to verify their conclusions by 
further investigating pendulums with lengths of 1(10 cm and 200 cm. 

After completing steps one through four, students conducted their investiga- 
tions and collected data. Near the end of the class session, when most groups had 
collected substantial amounts of data, I moved students into the last step to 
elaborate and extend their investigation of pendulums usingothcr people's view. 

Step 5: Other Peoples Views 

Students considered the pendulum from other people's views. This activity 
proved v ery rew arding since it seemed to motivate students to pursue knowledge 
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Table 2 

Analyzing and Considering All Factors of a Pendulum 



Part of Pendulum 


Factors that may affect this part 


1. Stand 


a. height above the floor or ground 

b. strength of bar — rigid or flexible 

c. movable — in a direction of swing 

d. movable — at right angles to swing 


2. How cord is 
attached to bar 


a. through hole in cross bar 

b. how tied to cross bar — tightly or loosely 

c. tied to rirg place around cross bar 


3. Cord 


a. type of material — string, wire, rope 

b. color — red, white, blue, green, multi-colored 

c. twisted — twisted or non-twisted strands 

d. length — vary length of cord 

c. thickness — vary thickness of cord 

f. knots — tic various number of knots in cord 

g. clastic — use rubber to spring instead of cord 

h. wet/dry — compare wet cord with dry cord 

i. use more than 1 cord 

j. use a tube instead of a cord 
k. use a solid bar instead of cord 


4. How cord is 
attached to bub 


a. tight or loose 

b. effect of length of pendulum 


5. Bob 


a. weight — vary the size 

b. size — vary the size 

c. material — make bob of different materials 

d. use a hollow or solid boh 
c. use more than i bob 

f. shape — vary shape 

g. ice — what happens as bob melts 

h. use washer — vary diameter of hole 

i. use bar — vary length 
j. colot — vary color 

k. use ball containing liquid 


6. Other Factors 


a. how far to pull bob before release 

b. how will bob be released 

c. put pendulum under water 

d. put pendulum in a gas 

c. vary path of pendulum, ellipse, straight line 
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about pendulums outside class. Students considered the following: (a) clock 
makers, (b) a wrecking ball, (c) hypnotist, (d) a maker and user of swings, (e) an 
instrument of torture (as in The Pit and the Pendulum), (f) a user of ear rings, (g) 
a metronome, and (h) a pendulum found in museums to demonstrate the earth's 
rotation. They listed questions for each person using the pendulum (Tables 3 - 
7). They also decided to form groups to further explore topics generated during 
the other people's views activity. 

Results 

Table 3 



The Clock Maker's Point of View 



Pari of a pendulum: 


Factors that may affect this part: 


1. Stand 


• Does the height of the clock make a difference? 
(Grandfather versus mantle clock) 


2. How cord is 
attached to bar 


• How is cord attached to the clock works? 

• How is noise kept to a minimum? 


3. Cord 


• What type of material makes up the cord? 


4. How cord is 
attached to bob 


• Does the attachment affect the length? 


5. Bob 


• Is the bob decorative or functional? 

• Does the mass have any effect? 

• Does the bob affect the length of the pendulum? 

• Does the shape have any effect? 


6. Other 


• How is the precision of time kept? 

• What is the best time of period? 

• How arc repairs made easily? 

• What do the chain and weights do? 


Table 4 

The Wrecking Bull Point of View 


Part of pendulum: 


Factors that may affect this part: 


1. Stand 


♦ What is the best height (for different size 
buildings)? 

♦ How sturdy docs the stand have to be? 

♦ Should the stand move? In what direction? 


2. Cord 


♦ What is the best length? 

• What material is best? 


3. Bob 


• What is the best size? 

• What is the best shape? 


4. Other 


• What is the best speed? 

• What is best distance of swing? 
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Table 5 

The Hypnotist Point of View 



Part of a nenfiiiliinv 

1 C4- 1 I VJ | CI L/ \, 1 1 Uii I LI 1 1 J * 


Faptnrc that mnv afTppt thi^ nnrt* 

1 a^lVJlo l Mill liidy U M L IHIO Uul U 


I. Stand 


• What is the best position of hand (above, at, 
or below eye level)? 


2. Cord 


• What is the best length? 

• Should the cord be decorative or plain? 


3. Bob 


• What is the best size? 

• Should the bob be decorative or plain? 

• What is the best shape? 


4. Other 


• What is the best speed? 

• What is the distance of swing? 


Table 6 

The Swing Point of View 


I. Stand 


• What is the best height? 

• Docs the stand have to be sturdy? 


2. How cord is 


• What arc ways to reduce friction? 


3. Cord 


• What is the best length? 

• What arc the best materials (chain or rope)? 


4. Bob 


What is the best material (tire, board, or 
strap)? 

• What is the best size? 

• What is the best shape? 

• Docs the person's size and weight matter? 


5. Other 


• How docs the pumping action of person 
affect the swing? 



Table 7 

The Torturer's Point of View— as in The Pit and the Pendulum 



1. 


Stand 


Docs the height intimidate? 

• Docs the mass intdimidatc? 

• Docs it have to be sturdy? 


2. 


Cord 


• Docs length matter? 

• Does type of material intimidate? 


3. Bob 


• Docs shape of blade matter? 
Docs mass of blade matter? 


4. 


Other 


• Does speed of bob matter 9 
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While there arc many different indicators of curiosity, persistence, and 
critical thinking, 1 have chosen the following indicators to define these terms. 
Students display curiosity by (a) speaking and listening to others during the prc- 
activity discussion; (b) actively manipulating materials and verbally interacting 
with others during the activity; (c) exploring more than one variable; and (d) 
explaining findings, asking questions, and generally participating in the post 
activity discussion. 

Persistence occurs when students (a) verify or confirm their findings by 
collecting more data, (b) repeat portions of an experiment to check inconsisten- 
cies in the data, (c) repeat an experiment to correct errors, (d) attend to details 
during the experiment, and (e) complete experiments during class or at home. 

Students display critical thinking when they (a) look for patterns in the data 
they collected, (b) make predictions based upon the data, (c) recognize errors in 
their data, (d) identify the sources of those errors, and (c) make changes in their 
experimental procedures to correct errors. 

Curiosity 

Students using the CoRT tools displayed curiosity by activ ely participating 
during the prc-activity discussion, duringthc activity, and duringthc post activity 
discussion. All students seemed actively involved and remained on task during 
the entire class session. Many explored more than one variable and seemed 
genuinely interested in exploring each variable. Most explained their investiga- 
tions and findings and asked questions about other student investigations. The 
post activ ity discussion was especially lively as students interacted with each 
other and discussed further investigations using other people's views. 

Students with CoRT training generated many ideas that previous students, 
without the training, never mentioned during class discussions. They a^ked 
questions such as: (a) If the bob of the pendulum were a block of ice, what affect 
would the melting of the ice have on the period? (b) How are the playground toys 
which children ride at McDonalds (play animal perched on a large spring) like 
pendulums? (c) Are vibrating objects, like the strings of musical instruments, 
pendulums? 

Previous students, without CoRT training, seldom displa> cd a high level of 
curiosity. They usually explored one variable and slopped. Few students ever 
attempted lo design and carry out another activity to find out more about 
pendulums. Although most students in previous course sections had been activity 
engaged in the pendulum inquiry, some sat passively and watched their class- 
males complete the activity. 

Persistence' 

Students with CoRT training persisted by verifying and confirming their 
findings. They collected considerable data. Many repeated portions of an 
experiment to check inconsistencies in the data, corrected errors, and attended to 
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details during their experiments. Many students completed experiments during 
class ar.-f further explored pendulums at home. Those who did not complete an 
activity during class time, completed their investigations at home. 

Previous students, with no CoRT training, displayed little persistence hy 
comparison. In the past, many students thought that the length of the string 
affected the period of the pendulum, but the data they obtained was inconsistent. 
Some students determined that mass affected the period, while others determined 
that mass did not affect the period. Only a few groups of students had ever 
attempted to verify their data, repeat portions of their procedure, or repeat an 
experiment to correct errors. Students who did not finish work in class seldom 
completed the activity at home. 

Critical Thinking 

Critical thinking increased among students who had CoRT training when 
thc> found patterns in the data they collected and made predictions based upon 
the data. They recognized errors, identified the sources of those errors, and made 
changes in their experimental procedures to correct errors. Most recognized the 
need for control variables and many identified those variables t hat needed control. 

Previous students, without CoRT training, seldom displayed these marks of 
critical thinking. Many groups of students have tied a weight on one end of a 
stringand wrappedthcothcrendofthestringaroundapeneil. The pencil was held 
by one student during the experiment. I have always been amazed that few 
students ever seemed to notice that as the holder began to sway with the 
pendulum, (he period began to change. In the past, many students supported their 
pendulums from a table or from the wall. Again, few seem to have noticed the 
string rubbing against the table or wall and its effect on the period. 1 have had 
groups of students obtain data full of inconsistencies that was evident in their 
tables and graphs. They seemed unimpressed. 

Ixsson Plans 

l : .very student implemented the CoRT tools as part of a lesson they taught to 
pupils in u local elemental-) school. After teaching their lessons, students returned 
with similar stories of success. Thty reported the CoRT tools were easy lo teach 
to elementary pupils and were eas\ to apply lo oilier subject areas as well. Other 
ivuplv \v views w as a favorite since it seemed to allow for the most creativity . Two 
students used other people's view for their language arts methods coarse. They 
showed elementary pupiK a new spaper article about manatees being hit by boat 
propellers and the need for boat speed limits. They instructed their pupils to 
rewrite the aiticle from other people's views. Pupils rewrote the ariicle as boat 
owners, water skiers, bout salespeople, people who live along the water who lIo 
not own boats, people who live along the water who prefer non powered boats, 
anil as a mother manatee. 
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Conclusions 



Although I have conducted no scientific study, it appears to mc that the CoRT 
tools can increase curiosity, persistence, and critical thinking of students during 
science investigations. Modeling the tools takes only a few minutes of class time 
and students quickly learn how to apply the tools to scientific investigations. I am 
not sure, however, that the results arc due to the CoRT tools or to increased 
structureof the activity. Since 1 tend to provide students well structured activities, 
within the guidelines of the levels of inquiry, I tend to think the CoRT tools help. 
The results were so dramatic, that 1 plan to continue to use the CoRT tools in my 
elementary science methods course. More rigorous scientific research would 
help to determine the effect of the CoRT tools on curiosity, persistence, and 
critical thinking. 
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Having Elementary Preservice Teachers 
Experience Science as a Way of Knowing: 
Gaining a Voice, Losing an Attitude. 



It is an interesting dilemma. When the science education faculty at our 
college surveyed our students about their past histories and present attitudes 
concerning science, a number of seemingly contradictory outcomes appeared. 
More than 95% of the students in our elementary and early childhood methods 
classes listed science as "one of their two least favorite subjects in school," or as 
their 'least favorite" subject in school/These same students, however, believed it 
is important to teach science to their students once they begin teaching. Hence 
a dilemma was soon uncovered in the first day's class discussion: If I don't like 
a subject and am not excited about it, how can I get my students interested and 
enthused? 

A further perusal of these surveys uncovered some other contradictions. 
Most of the students in the classes {Wo women) had taken at least three years of 
high school science and two additional lab and lecture classes of college science. 
Yet these same students not only disliked science, but were uncomfortable with 
the subject. They felt less prepared than in other subject areas and were afraid to 
teach it. 

We quickly decided what we had here was an attitude problem. Before wc 
could try to approach the pedagogical skills and knowledge that arc usually the 
core of our science methods courses, wc must address the issue of changing 
altitudes about science and science teaching. Better yet. activities that would 
induce this positive attitude change needed to be imbedded in the pedagogics lly 
oriented activities. 

The surveys, conducted both through interviews done by an ethnographic 
researcher and by paper and pencil response, provided some additional insights 
into the nature of the problem that allowed us to redesign both our met hods classes 
and our required science courses. None of the students had experienced hands- 
on inquiry science on a regular basis at any level of schooling. A vast majority 
saw science teaching as the distribution of factual information. Scientists were 
seen as an elite core of mostly older cantankerous men by more than K H)°'c of the 
preservice students. Less than 2% said they had ever met a scientist and none of 
them had any idea of precisely what a scientist would do during a normal work 
day, includingthe handful who personally knew scientists. I .ikewise, people who 
taught science were a "strange breed." with a few exceptions* and the students in 
the methods classes could not picture themselves "doing to their students what 
was done to them in science class." 



Paul C. Jablon 
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The assignments t hat we were to give the students in the methods courses, as 
wel) as the activities we needed to engage them in during class, needed to be 
designed to counteract these negative attitudes that our students had acquired 
through their years of schooling. The assignments and activities needed to be 
diverse in nature, for the attitudes covered a large territory. However, once we 
began to create individual experiences for the students, we realized that all of 
them led back to two related questions: What is science and consequently, what 
arc we trying to teach our students? and How are scientific understandings, 
attitudes, and skills best learned by children and adults of all genders, ethnic 
groups, and races? 

Students had never done any science as part of thcirscience course work, had 
never met scientists and taiked to them about what they did, and because most 
were women, had been kept technologically illiterate by our society. What 
follows is a set of assignments and activities that attempts to address these issues. 
Preliminary feedback since we have instituted these interventions in the science 
methods courses, in conjunction with two consiruciivist science courses taught 
by science faculty, show some reasonable change in these attitudes. Once the 
students' attitudes were addressed, the students' negative experiences val idated. 
and a new vision of science and the pedagogy related to it accepted, then the 
knowledge and skills that seemed so difficult to •"teach" in previous methods 
courses became attainable for these students. 

The methods course gives students the opportunity to explore science as a 
way of knowing the world and as a tool for problem solving. This is in stark 
contrast to what they had previously experienced. They are asked to go along with 
us and seriously attempt what we ask them to do. The students are told that much 
of what had been done with them in the name of science in their school 
experiences had very little to do with what science really is and how it can best 
be learned. Therefore, they will be actively engaged in "doing" science as well 
as talking about it and reading about it. Much of what we hope children can 
understand and appreciate about science, they will be doing in the methods class. 
We talk about "sciencing" rather than studying science. That is, we encourage 
students to he scientists and design and conduct investigations that address 
problems associated with how the natural world works. Science becomes a 
collaborative and participatory experience. It is much more ahout process than 
ii is about fai\s. They, the pruservicc students, need to be prepared to join in and 
explore. 

Effective science teaching involves a commitment to personal competence. 
The course facilitates thai goal by providing windows through which the students 
can explore the most effective teaching practices in science, and mirrors which 
will reflect and validate their own experiences with science. Since we know that 
teachers play a major role in infectingthcirstudents withthcir phobias or passions 
toward science, it is vital that those who teach yuung children overcome their own 
anxieties about school science and see how inclusive appropriate science can be. 

liach week the preservicc students have the opportunity to "'science" in the 
lab or on field trips. They begin to create appropriate science activities that will 
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allow them to become the catalyst for having elementary or early childhood 
students excited and energized about doing their own investigations. They visit 
the "working world" of science and attempt the beginnings of confronting their 
own dealings with machines and technology. In this course science is never done 
separately from the rest of life — not separate from other subject areas, not 
separate from the students' lives in their neighborhoods and homes. It reflects 
how a school day should be — SEAMLESS. 

Part I - Looking Inward 

Although this reflection or looking inwards is interspersed throughout the 
whole course, we introduce science teaching by asking students to examine their 
past history in school science through their science autobiography and other 
assignments. They also become familiar with science as process and their role as 
an active learner in this course. They work in groups and individually as they 
observe and participate in science and technology tasks and experience a variety 
of "sciencing" experiences in our classroom. They have the opportunity to 
understand what research tells us works best for children in science as they reflect 
upon the children they once were. They reflect upon the curiosity that many of 
them have had "knocked out of them" by our school systems. As Neil Postman 
says, "Wc enter school as question marks and leave as periods." Many of the 
students find themselves reflected in this quotation as they write about their 
school science experiences. 

These students arc asked to consider the attributes of a scientifically literate 
person and read articles and write on this topic. Gender bias in early childhood 
science teaching is addressed with an examination of the current research and 
strategies for improvement. The students write one another and themselves about 
their feelings about fc scicncing\ This genesis period of the course, although 
emphasizing the mirrors that allow the students to clearly sec their history as 
science learners, gives perspective to these personal experiences by providing a 
few windows. These windows, the written words of the research articles they read 
on gender bias or the spoken words of their peers as they engage in "sciencing." 
ptovidc a vision for how positive science could be for themselves, and their own 
future students. The interrelationship in ih\s mirrors and windows metaphor is an 
underlying structure for the methods class. "If the student is understood as 
occupying a dwelling of self, education needs to enable the student to look 
through window frames in order to sec the realities of others and into mirrors in 
order to sec her/his own reality reflected" (Style, p. 7). Knowledge of both 
types of framing are necessary in order tor the student to understand that their past 
history with science instruction is not indicative of the job they can do as a teacher. 
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Assignments and Activities (The part written tn italics is as it appears in 
the course syllabus) 

Science autobiography 

This is your initial writing assignment. You will be asked to reflect upon your 
own school science experiences from your earliest memory to the present. What 
was it like for you? Did you like it, hate it, or not have much of it? What about 
experiences outside of school that might have been science; write of them also. 
Be as candid as you possibly can and remember that we learn forwards and 
backwards at the same time. 

This assignment is given the first day of class to be done as homework. As 
noted earlier, 96% of the students in our early childhood and elementary methods 
classes are women. Most of these women have had bad experiences with science 
since most of their learning in science has been the memorization of countless, 
unrelated terms. They dislike science, are scared of it, and therefore do not intend 
to teach much science in their classrooms. 

Since most of what good teachers arc expected to do with science in an 
elementary classroom is completely unrelated to their past history as formal 
science learners, it is useful for them to recognize what was done to them and to 
compare that to the constructivist science activities they are about to experience 
in the methods course. If these students arc going to take a positive approach to 
science teaching in their future classrooms, then they must clearly sec the 
distinction between how they experienced science learningand how it negatively 
affected them and how they, and the children they work with who are similar to 
them, react to more appropriate "sciencing." They arc asked to write about their 
school history as a science learner — especially in elementary school. They 
should include any examples of specific incidents that exemplify their remem- 
brances. In addition, they arc asked to talk about informal experiences they might 
have had talking with relatives while taking nature walks, visiting museums, or 
watching TV programs. Before they leave the first class, it is made clear that the 
methods instructors are not enamored with the way most science has been taught 
in our schools. This is made clear so that the prescrvicc students get the message 
that they should feci open in their writing. The follow-up discussion in the next 
class shows respect for their fears and attitudes and validates their experiences, 
i.e., accepts them as justifiable responses to these experiences, as any good 
activity related to a mirror should do. They can then respect their own identity, 
yet begin to approach the teaching of science in a more positive manner. It also 
informs the methods instructors so that later communication with studentscan be 
specific rather than generalized, especially for the few who already have a 
positive history with science. 

During the rest of the term this piece acts as the catalyst for numerous 
discussions about our students' past histories as science learners and how this 
history, in most cases, contrasts sharply with the constructivist activities they arc 
facilitating in their field placements. It is a bit like therapy. First they need to 
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uncover the past and view the pain that causes their aversion. This allows them 
to be cautiously open to, yet critical of, the experiences they arc given with 
inquiry-based, const ructivist science activities. They can then begin anew with 
gusto another kind of "sciencing" with their own students. 

This autobiography, done in concert with some sciencing activities (de- 
scribed in more detail later), allows the student some entree into inquiry science 
teaching. However, the "outside" world of science is still foreign and alienating 
to many of these preservicc students. The next two activities reintroduces them 
to science through society's media and through personal contact with some of the 



The Science Times 

Each Tuesday you are required to chose one article from the science section 
of The New York Times and come to class prepared to discuss the article from the 
perspective of why you chose it, what is important about this research, and why 
you might want to learn more about it. This should be written briefly in your 
journal. 

A similar assignment can be done with any science magazine or newspaper 
written for the general public. The students usually don't spend much time 
speaking about these in class, but by the end of the term, after having answered 
why they chose the articles and what more they want to know, they begin to admit 
that there is a large portion of science that is inherently interesting and important 
to them. After having found relationships between the topics in the weekly 
articles in the newspaper and the activities that they have done or read in the NSF 
supported curricula, they seem to become less threatened by the science experi- 
ments described in the articles. Having done their own investigations that 
uncovered some very preliminary concepts related to topics about which they are 
reading, or seeing experimental design formats in the articles that arc similar to 
ones they have created and refined, the students seem to "bond" (a little) with the 
researchers and become more willing to fight through the science voca 1 ulary for 
meaning. 

The students do not all become avid readers of science journalism, a! (hough 
some do. Most, however, arc no longer threatened by it and are able to begi n using 
it as a source of STS motivation for their classrooms. Many of them use these 
current events in science, especially technology or science innovationsthut relate 
to the students' daily lives, as extensions of the constructivist science activities 
that they arc doing with the children in their field placements. That is an attitude 
shift that is useful for a lifetime. 

Interview with a scientist 

You are required to conduct an interview with a working scientist. This 
interview process is designed to give you the opportunity to explore how scientists 
work and to elicit the reasons for their entry into science. We will collaborate on 



players" in the industry of science. 
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the parameters for this interview as part of the class discussions. The interview, 
and your reflection upon it, will be submitted in the form of a paper. 

This assignment generally elicits the most moans and groans of all that are 
assigned, yet by the end of the term is recognized as one of the most important. 
The assignment is given for two reasons. The first reason is so that each student 
can make contact with a scientist who might someday invite the student to bring 
his or her future elementary class to this scientist's lab. The second reason is for 
students to sec that scientists arc rot all bald-headed, white men who blow up 
things in a lab. 

Liach term only one or two people in the methods classes have ever met, or 
realize that they have met, a scientist. About a month and a half before the 
interv iew paper is due, after the class has spent some time uncovering what good 
science teaching might look like, they brainstorm as a class a set of questions 
which each individual will ask a scientist. Students arc responsible for finding a 
research scientist. Time is spent differentiating between a research scientist and 
a technologist (realizing that this sometimes overlaps for some individuals). The 
students generally find them at universities, hospitals, government agencies, 
industrial sites, or at relatives* houses. 

The types of questions the students ask usually relate to why the scientist 
chose her/his career. Was there a teacher who influenced them? What type of 
school experiences in science did they have? What would they recommend for 
children in science in school? Was there any difficulties with being from a 
minority population or being a woman in the world of science? Why aren't there 
more women and minority people in the world of science? Docs being a scientist 
interfere with personal or family life? Is it a lucrative career? Would you become 
a scientist if you were to begin your life again? What is involved with your 
research? The methods instructors then suggest one or two questions: How much 
of science is intuition (i.e., seeing a solution to a problem and not knowing why 
it is the solution). How much of science is daily stcp-by-stcp procedure, cither 
to investigate these intuitions or to continue only a little further beyond the 
existing research? 

The day they hand in their interviews we go over each of the categories and 
see if there arc trends. It is generally interesting to sec variances according to the 
gender and ethnicity or race of the scientists. As a whole, students arc amazed that 
these "gods of science" arc pretty ordinary folk who look and speak normally 
(except when they speak of their research) and were more than happy to do this 
interview with them. Almost all of these future teachers and their future students 
are im ited to the scientist's lab. 

This next assignment is where the students have a place for their voice in 
science education, and the instructors get a chance to hear it. revel in it, challenge 
it, and generally just joyfully listen. 
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Dialogic journal 

It is important to look backward even as we move forward into new ways of 
seeing and doing science. It is therefore important, to help you gain the most out 
of the reading and the class experiences, to reflect upon these in light of your own 
experiences by keeping a journal. 

Do not use the journal as a way to summarize what you have read or 
experienced. You should comment on the things you agree and disagree with 
because of your own experiences as a student, parent, or educator. You should 
explain how the ideas in this reading or experience will change the way you teach, 
because you agree or disagree with them. It is a place for you to be reflective — 
to begin to create your own personal model for educating children by reflecting 
on various models to which you are exposed. 

These entries should contain your personal voice. What are your reactions 
to sciencing in this course, to your field experiences in your mentors classroom, 
and to the readings about science and science teaching? Keep in mind also that, 
given the size of the class, this is the main way I can communicate with you about 
teaching. It is a major part of your grade and should be taken seriously. Yet it 
is a place for honesty and feelings— for that is what teaching is also about . 

This journal has become the backbone of the course! The students arc 
supplied with numerous readings from magazines and journals which cover a 
broad variety of issues. There arc articles about gender, ethnicity, and race; the 
state of affairs of U.S. science education relative to the rest of the world; 
constructivist science teaching; early childhood science activities; cooperative 
learning; learning styles; inquiry science as a way of teaching reading. For 
example, two of the best arc Watson and Konicck's (1440) article on conceptual 
change, and Maryann Zicmcr's( I ( )87) article on science and the early childhood 
curriculum, or in another vein, Linda Harrison's (1975) article on research done 
showing the detrimental effects, especially on girls, of using generic pronouns in 
science classes. Each term I add and subtract articles. They also read The Science 
Times as described above. They read from a methods text. In order to have a 
chance lo apply some of this theory of how children learn and how to engage 
children in constructivist science activities, they have a field placement in a public- 
school classroom where they teach science for two hours, two mornings a week. 
They have been in classrooms themselves for 15 years. Many of them have 
children who arc presently in classrooms and they interact with these children 
daily. 

The preservice students arc asked to reflect on each of these as they encounter 
them. If the) arc reading an article, then they should relate the ideas in this article 
to their field work, their own history as learners, and other readings. The focus 
could just as easily be a field experience. This is the time for interplay between 
mirrors and windows, They sec their reflections in the mirrors of their past 
science experiences, as well as their reflections as they themselves encounter 
constructivist inquiry science for the first time. These personal experiences are 
contrasted with looking through the windows of the readings (the words of others) 
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and the experiences of the girls, non-white boys, and white boys in their field 
placements. They need to analyze each of these and then to synthesize them 
together to make meaning that can inform their teaching. I ask them to describe 
what their future classroom will be like because of this critique and analysis. 

This process is new to them. Many of the education faculty espouse 
constructivism, but rarely allow our students to construct their own knowledge 
and understandings based on a synthesis of theory and experience. It is a long 
term process that occurs during the term; it is a dialogue between the student and 
leacher. The journals arc collected and read and comments arc made not about 
right and wrong answers, but about the level at which the students arc engaging 
in this process. They can redo sections, following suggestions. They can engage 
in more debate about questions that arc asked to stretch their thinking. They can 
wallow in the praise heaped upon them for real insight into the mechanisms of the 
learning experience. 

This process seems to promote an attitude change for most of the students. 
They begin to see themselves as having a voice in the process; in most cases 
having a woman's voice in the process of teaching science. If they have a voice 
in constructing their world, their profession, then they better understand the voice 
in science that they should give their students. 

Through this dialogue about their readings and experiences, these prcscrvicc 
teachers begin on their journey to a feeling of competence in engaging children 
in seiencing. However, these beginning positive interactions with science do not 
change their feelings of incompetence with technological devices. Just as these 
women needed an appropriate experience with science before they could move 
beyond their negative attitudes towards science, they also must be provided with 
a positive interaction with technology if we expect them to include technology in 
their future classrooms. The following activity is an invitation to the world of 
tools and machines. 

Takeit-apart - technology 

in order for young children, especially girls and minority children to have 
a brtter chance of acquiring the skills necessary for science and technology 
careers they should have school experiences where they invent and take apart 
technological devices. Since many early childhood teachers have not had these 
experiences themselves, this day will he spent investigating and attempting to 
repair broken devices that are brought in from home. In addition, a mini 
invention fair will he held. In order to participate you must bring in from your 
home some device that i.s broken. The device can he an appliance or a wind-up 
toy. Try not to bring things that are dependent solely on printed circuit boards 
such as TV's, radios, or computers. 

l ; or some of the women in the class, thisdav is the pivotal point, or the catalyst 
to get over the hill. It is a matter of self esteem; a day of empowerment. It is a 
step towards overcoming their alienation from technology, and in turn an entree 
tor some into science and engineering. 
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For most of the the students, including some of the men in the class, a modern 
technological dev ice is a "black box," that is, some mysterious mechanism which 
is inside a plastic box which does something for you. Whether it be a hair dryer, 
watch, toaster, wind-up toy, or steam iron, the device is seen as something only 
those fix-it type "guys" could take apart and fix. 

A cabinet full of tools is kept in the Children's Science Materials Workshop 
(a large room where we teach science methods, both prcservicc and inservicc). 
These tools are used to build science equipment (e.g., weather instruments and 
balances) with inscrvice teachers. The screwdrivers, pliers, wrenches, soldering 
irons, and glue guns are used for the takc-it-apart day. After the first year I did 
this activity, 1 realized that in addition to fear of the "unknown," my students had 
no strategies for taking these devices apart. As a boy 1 had acquired these 
strategics from my father on that informal 4 *watch what 1 am doing" system that 
males grow up with. By the ti.vsc 1 was 1 1 or so it was apparent to me that you 
needed to find a linear connection between the power source for the device and 
the eventual output of the device. For example, the turn-key on a wind-up toy is 
connected eventually to the legs that move. If you follow this linearly through, 
you will discover springs attached to gears. Soon you figure out how the 
mechanism works based on your past experience with springs and gears (knowl- 
edge usually happily, but hastily conveyed from one generation of men to the 
next). The same holds true for steam irons where the linear connections are from 
cord to switch, to coil and so on. 

Therefore, the class begins by asking, "How docs one go about starting to 
take something apart so that you can figure out how it works and have a shot at 
fixing it?" The discussion usually begins with pragmatic issues like, "take out the 
screws," or "keep the pieces in the order as you take them out so you can put them 
back the same way." Only when 1 lead them into a discussion by asking '"What 
is the first thing 1 need to look for when 1 want to see how something works?", do 
I sometimes have them consider power sources and outputs and the things 
connecting the two. A few examples help them to sec this process. Without any 
further ado they get into taking the objects apart! 

The students, with a little assistance from the instructors, have figured out 
how virtually every device they have brought in works. Usually it is only a 
general understanding, but most of the time it is in enough detail so that we can 
repair it or decide it isbcyond repair. 1 am amazed at the number of items that can 
be repaired. The number one broken item brought into class is a hair dryer. We 
have fixed virtually every one. The problem is usually some hair in the bimetal 
strip or in the coil. Wc have fixed hand- vacs (a wire that needed to be soldered), 
and my all-time favorite, a personal cassette player which had a drive belt that had 
slipped from a pulley and needed minor adjustment. 

1 wish you could read the journal entries or hear the comments of most of my 
students after this class. It is like a revival meeting. Most of them felt so 
empowered, including those who did not fix their device. They had felt so 
dependent upon certain men for this aspect of their life. They wanted to give this 
ability to every girl in their classes. They also understood how knowing the 
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"science" behind the components in these dev'ces was necessary in order to he 
able to be a trouble shooter. I highly recommend this activity for an attitude shift. 

After this class, students are constantly telling me about " handy person" 
repairs they have tackled around the house. Likewise, one or two women in the 
class describe how they had an older brother who enlisted them in repairing their 
cars when they were young girls and had always been able to do this type of 
mechanical activity. Usually they never let their women friends know about this 
competence for fear of being ostracized. This class was their chance to take the 
limelight. 

If there is time in the term, we follow this with an invention fair where the 
students have a chance to invent things. Students use items from my closet full 
of "junk" and items from home to make their inventions. There arc a number of 
good books on this topic (Caney, 1YK5; McCormack. 1W; Stanish, 1°<81). 



Most of the above activities engaged students in an evaluation and validation 
of their own experiences w ith science — mirrors. Each activity also makes them 
aware of these same experiences from the viewpoints of others, whether they 
were from the perspective of the predominantly white males who created the 
milieu in uhich school science has been traditionally approached, or the Afro- 
American, Latino, or Asian students in their field placements. This understand- 
ing provides the students with windows through which to sec how they need to 
approach science in order to be successful in their future classrooms. Once the 
preservice students have passed this first hurdle of self reflection they then need 
to be given the tools, materials, and understanding of their uses so that they can 
be ready to prepare experiences for their future students. 

In an effort to give these students an alternative to chalk and talk science 
lessons driven by encyclopedia-type science textbooks, we provide a rather 
complete collection of NSF supported elementary science curricula — from 
SAPA of the 1%0'sto F-'OSS and its equivalents of the IWO's. The preservice 
students arc engaged in activities from these and in turn engage the students in 
their field placements in modifications of these. These curricula have been 
extensively field tested, created by women and men who had girls and minority 
children in mind, and arc teacher friendly, even for neophytes. A careful 
assessment of the psychological foundations for each of these curricula and 
syllabi is undertaken so that these students have another window through which 
to see the children with whom they arc using these curricula each week. 

Before they graduate and seemingly disappear within the great monolith of 
faceless teachers in our school system in New York City, our students need to 
view themselves as professionals. They need to become part of a working team 
in our classes and to make connections with teachers who already see themselves 
as professionals working together to facilitate exemplary elementary school 
science, This imohcmcnl can provide group mirrors and windows with which 
to reflect upon and modify their own profession. 



Part II - Looking Outward 
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Assignments and Activities 

Critique of NSF curricula 

There are copies of National Science Foundation supported curricula in the 
Children 's Science Materials Workshop to which you will have access. These 
represent some of the best validated, appropriate science experiences for young 
children. During the term we will create a set of criteria with which to judge 
elementary and early childhood science curricula. As part of a collaborative 
group you will take home sample curriculum guides from at least 8 of the 12 
curricula represented there and evaluate each of them. Try to select some pieces 
that have topics in common so that approach can be more easily compared. This 
part of the assignment can be done by individuals, with the group acting as a 
quality control. When this is completed, the four members of the group should get 
together and compare the various curricula based also on some additional 
criteria you will have created while you were evaluating the materials individu- 
ally. The evaluations need to be written, typed, and submitted. 

This assignment is done about one third of the way through the term. By this 
time the students have internalized most of the criteria for identifying effective 
science curricula. This insight into criteria comes both from their extensive 
reading and journal writing and from participating in or observing children 
participating in appropriate science activities. They are sent off into groups of 
four to make a list of criteria, and then use these as a springboard to create a more 
inclusive list in the context of the larger group. The list includes such ideas as: 
dcvclopmcntally appropriate; inherently engaging to young childrcn;conslructivist 
in approach; truly hands-on. minds-on; leads to long term investigations; not 
gender specific; interdisciplinary connections; multiple learning styles embed- 
ded in the activities; not too costly; STS approaches included. 

The students usually do a fahu lous job with this project and uncover strengths 
and weaknesses that I thought onh long term critics would see. For example, they 
sec FOSS very friendly to teachers who have never done hands-on inquiry 
science, but weak compared to USS as far as constructivism. Although the 
Nuffield Science 5fl3 from England appears dry and technical to women, 
students uncover its inherent interdisciplinary nature. Having these groups of 
students use not only understandings they gained from the assigned readings, but 
having them also employ their own experiences and observations as the central 
basis for this evaluation, allows them to experience learning within a modified 
constructivist format. 

Students reveal in their journals that it gives them a great deal of security to 
be familiar with such an array of effective science resources and to have the skills 
to evaluate these or additional curncular resources. The attitude change here is 
from one of student to professional. The feeling isonc of mastery. The students 
realize that they have a skill that many of their mentor teachers have not yet 
acquired. The presenice students have not only realized that their school science 
was inappropriate, but now they can also discern what is appropriate. 
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ESSA or SCONYC meeting 

ESSA is the New York City teachers association for elementary and early 
childhood science and holds its annual Science Saturday in the fall. SCONYC is 
the umbrella organization for all the science education organizations in the city 
and holds an all-day annual conference in the spring. You are required to attend 
one of these all day conferences and write in your journals about the experience. 
Both of these organizations are run solely by local teachers. This will give you 
an opportunity to meet and socialize with an exciting and excited group of 
professionals, and add to your library of resources from the handouts at the 
workshop sessions and :he freebies from the exhibitors. Make your professional 
connections now! 

At first there is a lot of moaning and groaning when students realize that they 
arc giving up a weekend day for a class assignment. But by the time this 
assignment comes along in the term, many of them have already had an attitude 
shift. Once they have attended one of these days, most students arc hooked and 
begin to identify with the teachers who arc attending and presenting at these 
conferences. They see that these teachers are not much different from them, and 
these teachers arc excited by sciencing in their classrooms. Most of the students 
join ESSA while they are in the methods class even though it is not required and 
many maintain their membership when they begin to teach. They are quickly 
becoming professionals and they begin to have new role models, especially for 
teaching science in the elementary classroom. 

Science and Children article review 

Choose an article from any volume of the magazine Science and Children 
(from W87 to the present) and talk about why the article interests you and how 
it informs your approach to classroom science. 

Similar 10 the assignment to attend a local conference, having students peruse 
many volumes of Science and Children engages them in a life-long relationship 
with NSTA. Students arc amazed that such a resource exists for their use and 
about 5 students from each class join NSTA as student members just to receive 
the magazine. About three or four even go to the regional or national NSTA 
convention. There is nothing more powerful to help move a prescrvicc teacher's 
attitude forward about teaching science in the elementary school than the 
comradcric of the elementary teachers at an NSTA convention. 

Part III - Putting It Together - Theory Into Practice 

There are two additional attitudes that need to be addressed by the students 
in their quest to be comfortable and proficient at creating appropriate science 
learning environments for their students. The first is a pragmatic one and is an 
attitude that has not been overcome by most of the teachers in our schools. Since 
construclivist inquiry science activities take so much time, most believe there is 
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not enough time in the school day to accomplish them properly. Second, is the 
idea that science is an alien discipline, separated from their daily lives and from 
the other disciplines — literature, art, music, history — that they do consider their 
own. This distance is further exacerbated when mathematics is added to the 
science. 

Having the students engaged in being scientists, though neophytes at best, 
allows them to uncover both the process of science that should be the focus of their 
engagement with their students, and the connections to their own vested subject 
areas and avocations. 

Simultaneous with this personal discovery is an assignment to create their 
own vision of science at the core of a classroom day. Students begin to develop 
unit plans in science that are SEAMLESS. By the time this assignment is given, 
the students realize just how motivational and engaging good constructivist 
inquiry science activities are. They understand how necessary it is for students 
io design investigations to test their own preconceptions of how nature works. 
They realize how this leads to additional questions from students which some- 
times need to be answered by discussion or by reading about scientific frame- 
works that have been created by professional scientists throughout history. 
Unlike most science teachers who spend most of their time answering the 
questions that students don't have, these students begin to create unit plans that 
inspire questions of deep understanding. 

Of equal importance is their discovery that many of the activities that they 
have previously seen as science activities, have become writing, math, art. music, 
and reading activities as well. There docs not need to be any separation between 
subjectsduringtheday. The assignments they should give their future elementary 
or early childhood students to do at home :irc also activities, many times things 
to be done with their parents and neighbors. Not only docs science become 
SEAMLESS in the school day, but within the child's whole day. These 
understandings about teaching various disciplines through one activity only 
begin when science becomes SEAMLESS within the prcscrvicc students' own 
lives as well. 

Science 

Engineering 

Art 

Mathematics 
Language Arts 
E:;crcisc 
Social Studies 
Synthesis 

If the students are to teach science as part of their school day for years after 
they leave the university, then they do not need a science attitude, but rather a 
SEA M LESS attitude, an attitude where science takes its natural place within their 
lives. 
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Perhaps it is more important in methods courses that more time be spent on 
attitude change rather than on the acquisition of particular pedagogical knowl- 
edge and skills. Perhaps it is more important that teachers want to implement a 
SHAM LESS curricula or an NSF science curricula than it is for them to have all 
the skills necessary to do so, There is a limited amount of time in methodscourses. 
What is the appropriate mixture of activities that focus on attitudes, skills, or 
knowledge? Given what we know of constructivist learning, will preservice 
students really change their conceptual understandings of how children need to 
be taught science unless they themselves have undergone a shift in their own 
attitude about school science? In turn would there be a chance that they would 
implement the constructivist. inquiry strategics for science learning in their future 
classrooms? This matrix of assignments has helped students he methods 
classes shift, and even discard, many of the attitudes they held upon entering the 
class, and has allowed them the opportunity to select science activities as the core 
of their classrooms. 

Assignments and Activities 

Constructivist uu/tdry science activ ities in the methods class 

Mystery Powders (FiSS, 1W6), < 7</v Bouts (ESS. I l >85) and a number of 
other well known activities arc utilized throughout the semester as the material 
tor engaging preservice students in discovering that science activities arc simply 
"figuring out how to figure out" how the natural world works. A land snail 
activ ity is used as a model for the attitude changes that can occur from the 
students' engagement i r < constructivist science. 

There is a preliminary activ ity where each collaborative group is given one 
or two land snails to observe. The instructions are simple. Do something 
harmless to the snail or give it something harmless to interact with, and observe 
how it reacts. This is done for two reasons. To demonstrate to students that the 
first three pans of the scientific process as described by scientists are to mess 
around, mess wound, and mess around. The second reason is to point out to the 
students that if they do not first let kids investigate a new animal or piece of 
apparatus on their o\\ n first, the children will never attend to what you want them 
to do that is more structured. This is soon born out when the methods instructor 
attempts to speak with them about their results w hile the snails arc left in front of 
them. Almost no one attends to the discussion. As soon as the snails arc removed 
there is a new focus in the class. The preservice students realize how powerful 
a motivational tool these snails will be in their future classes. 

in addition to collecting the students' observations about the snails on an 
experience chart, the methods instructor also begins to point out that some of the 
•'observations" were really conclusions which required testing. This motivates 
students to begin to speak of how they would design an investigation to validalc 
(he preconception. This leads to a parallel chart of all the things they want to know 
about the snails: Can snails sec?; Why do snails release slime?, Mow can you tell 
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a male from a female snail?; What do snails like loeat?. Consequently, the design, 
modification, and doing of the investigations stemming from these would surely 
engage students and yet allow any teacher to cover many of the concepts and 
process skills required at a given grade level. 

The realization that there were no right answers in this sciendum other than 
those dictated by nature itself is another pivotal point in attitude change. No 
longer is the text book or a teacher the definer of truth, but the reliability and 
accuracy of their own methodology becomes the instrument of assessment. 
These prcservicc teachers begin to take personal ownership of science as n 
consequence of sciencing. This acceptance begins slowly . and expands through- 
out the term with each further engagement in short or long term investigations. 
Students arc no longer looking at science through someone else's window. By 
accepting science as their own. they arc acquiring another window through which 
to sec the world. 

At this point they arc presented with a problem. Do snails prefer to go up or 
down an incline plane (ramp)? They are .shown some materials (cardboard, flat 
wood pieces, Styrofoam trays, a spray bottle filled with water), and arc sent off 
into their collaborative groups to design an experiment to find an answer to the 
question. The brevity or quality of these procedures is not questioned. Students 
are allowed to conduct their experiments for about twenty minutes or so. They 
arc then asked to attempt to draw some preliminary conclusions or leaning*. 

Various groups arc asked for their findings and it soon becomes vcr> 
apparent that there arc differences in the results of their experiments. In order to 
point out that they have been using various procedures, one group is asked to read 
their procedure word for word. The instructor has handy large size sheets of 
cardboard and wood so that when they say. "take a ramp." or even if they arc 
careful enough to say. "a cardboard ramp." the instructor pulls out this 4 fool by 
S foot piece of cardboard and sets up the ramp. Likewise if a group says, "a small 
piece of wood, "the instructor "replicates" their procedure with a one inch by half 
inch piece of plywood. The idea of defining variables emerges full force. In order 
to reinforce the idea of v ariables, we speak about the groups u ho placed the snails 
at the top or bottom of the ramp to sec \n hich way they would go. or the group who 
placed food at the top of the ramp as part of their procedure. 

The next step is most important. One of the variables they discern as 
important is the angle of the incline. Students arc asked to come up with a wa\ 
of recording the angle so that they can repeat the experiment, but are not given 
protractors. Unlike most third graders, they don't ihinkof holdinga piece of paper 
next to the incline and simply tracing the triangle. Rather. I hey begin on the quest 
of recording the angle by measuring the height of the incline from the table. When 
discussion demonstrates that the length of the incline matters, they uncover the 
idea that in a right triangle if you know the side opposite ;:nd cither of the other 
two sides \ou have defined the angle and the Iriangle. When it is pointed out to 
them (hat thc\ have discovered some of the major ideas in the geometry and 
trigonomctrv of triangles, they are astounded. They are quite candid about the fact 
thai I hey never understood nor had an interest in any ot this in 1 1th grade math. 
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In this process of trying to define the ar.gle, they also realize that they can't 
even "dcfinc M the word angle, despite their years of using it and studying it. This 
leads to the idea that meaning in mathematics, reading and writing only comes 
from uncovering the meaning in real life activities and then applying the word to 
the self made definition. Piaget does not say engaging children at the concrete 
operational stage in hands-on activities is a nice way to learn about new concepts 
and skills, but rather he, Gagne, and Bruncr, say it isthe primary way forchildrcn 
to make meaning. Trying to teach reading and writing separate from doing is 
impossible. This is a revelation for the students, who begin to realize that the 
thinking and problem solving process of science is not that much different from 
that in reading comprehension and paragraph writing. However, science has the 
stuff. Wc have the stuff, the concrete materials, which children can touch and 
manipulate, These children can then write about these experiences and make 
connections between these real experiences and their symbolic rcprcscntat ions in 
v\ ritings and numbers. Subsequently, the children can read about topics related 
to their investigations or read text with grammatical constructions similar to the 
constructions they created to describe their manipulation of materials (e.g., if\ do 
this then ...). Once the prcscrvicc students begin to understand this insight into 
the reading-writing process, a major attitude shift towards sciencing occurs. 
They suddenly start to sec how they can teach math and reading during this 
activity and how this is not a science activity at all, but a multidisciplinary activity 
that one could easily do for two hours a day in their future elementary classroom. 

The students in our methods classes live in the city and most live in apartment 
houses. However, a few live in houses and describe to the class how, even in the 
middle of Brooklyn, they have snails in their backyard gardens. This leads 
students to question where wc acquired the snails. When we tell them Morocco, 
they realize that geography, climate and maps can easily become part of a unit that 
used snails. It wonderfully gets out of hand. Some of the prcscrvicc students go 
on about how snail adventure stories need to be written by the children and about 
books like Sophie'* Snail ( King-Smith, W 1 ) and the A/iciiVV Spell {Ryder, 1W2). 
The ideas abound. Positive attitudes about using science activities as the core of 
the elementary classroom arc further strengthened. This leads them nicely into 
the ncxl assignment, the Unit Plan. 



As you become acquainted with curricula creation during the term you will 
write a plan for a SflAMLRSS science unit that you and your cooperating teacher 
will use during the term. You w ill acquire materials, write a plan for both science 
and related area (math, language arts, social studies, etc) activities. This is the 
main project for the term and will evolve as the term goes on. As with all other 
activities, collaboration between members of the class is encouraged, but a 
maximum of lour students may work on a plan together. The collaborators must 
be from similar grade levels and have some topics and a theme in common. 



Unit plan 
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The creation and implementation of this unit at your site will he a major part 
of your grade. As the term goes on, we will use a number of investigations from 
some better curricula such as ESS, SCIS andSCIS3, SAPA, GEMS, AIMS, FOSS, 
Insights, Science for Life and Living, Science and Technology for Children, or 
Science 5/13 ("Elementary Science Curriculum," 1988, pp. 138-1 46). A module 
from one of these should be the backbone of your unit plan. 

This unit plan with its 16 activities will be part of the one that is required in 
the math course, so although it should emphasize science and math it should 
integrate other subject areas and affective activities in a manner that would 
create a SEAMLESS environment. This is the second largest item to be 
accomplished during the term and will account for the second greatest part of 
your grade. It is advisable, therefore, to collaborate with me and your classmates 
us the term goes on. 

This assignment becomes an obsession. It overtakes the students lives. It 
becomes an all consuming monster. When they arc done, it is usually bound, has 
illustrations and is well over 100 pages. Most of them take it with them when 
interviewing for their first job. Principals have hired many of them on the spot 
solely from this plan alone. It is usually based on some NSF curricula, but it has 
so much more. It has many disciplines woven into each activity. It has hands- 
on activities for homework and sometimes even social action activities as part of 
its structure. It has all the daily planning items in it including their reasonings 
behind grouping students a certain way. It also contains their revisions of 8 
activities which were used with children during field placements. Many times 
these evaluations contain references to articles they have read for the class. Each 
of these activities rakes days to accomplish. They realize the long-term nature of 
constructivist science. Many limes they have revised the NSFaciivity to be more 
constructivist, starting with the children's' preconceptions and allowing them to 
design their own investigations. This is an intellectual piece of work. This is a 
pragmatic piece of work. It follows the SEAMLESS philosophy that is espoused 
in the class activity section above. 

In order to facilitate this process of scamlcssncss, groups of students have 
been engaged in another small project: Science Song, Dunce, Game, or Improvi- 
sation. Science themcscan be reinforced through the artsor games. The methods 
instructor models writing songs about science themes using familiar melodies 
from popular songs. The instructor also demonstrates some STS improvisations 
and takes part in role playing. The prcscrvice students then work in groups outside 
of class to create any ol'lhe above, using their own themes, topics, and ideas. Each 
week some group leads the methods class in a science song, dance, improv or 
game. I» is i'un and rcfrcshingand lends a wonderful tone to the class. Many times 
these are integrated into unit plans. For the students who arc especially 
comfortable with these learning styles, attitudes keep moving. 

As one of their field-site activities students can have a group of students 
create a fictional story based on something they have studied in science. The 
prcscrvice students transcribe it. have the children illustrate it and then bind this 
into a book. Extra credit is given i f they transcribe t heir bookonto a computer with 
a laser printer (a Macintosh is suggested) and paste up their black-outline 
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drawings. It is then possible to xerox many copicsof the book, w hich can be read, 
colored and duplicated. 

Field work 

Each week students arc required to spend at least 2 hours of each of two days 
in a field placement in the public schools. Most of the teachers they arc placed 
with have been in a summer mentor training program and are involving the 
children in their classes with constructivist. hands-on science on a regular, if not 
daily, basis. While in the field, prescrvicc students are expected to teach at least 
one 40 minute hands-on science activity each week. Most of the students teach 
two per week. These acti viticsare part of their thematic unit that they have created 
in consultation with the professor, other students in the class, and with their 
cooperating mentor teacher. In addition to teaching, students perform other 
school-based assignments (e.g., a survey of wait-time of teachers in the school 
and the number of girls in early childhood classrooms engaged in spatial 
relationship activities). 

This field placement is the best attitude changer of all. but does not work 
without the implementation of all of the above. Once the students arc open to 
working with the children with constructivist. inquiry science, then the enthusi- 
asm and thoughtfulncss of the children do any additional convincing necessary. 
By the time most students have completed t icir placements, they are convinced 
of the nccc sity to do science on a regular basis in their classrooms. 



The windows and mirrors theme provides a metaphor for one of the 
grounding assumptions of constructivism: that cognitive complexity is related to 
the subject's recognition of the world's complexity. 

Since the prcscrvice students in our methods classes have constructed their 
o\snundcrstandingofwhat science is and their relationship or lack of relationship 
to it before entering our class, we must give them a chance to reconstruct this 
preconception if we expect them to hold a more accurate one by the time the class 
is over. Lecturing or telling, as usual, will not work. It is an interactive process 
by which they simultaneously uncover what science is and how to create an 
appropriate learning environment for engaging children in science. It is therapy 
in that these mostly female students investigate and validate their less than 
desirable relation.ship with what they thought was science. I3y engaging in being 
a scientist and studying how to teach scicr.rc. students can come to a new 
relationship with science and technology. They cannot embrae . science through 
someone else's window of seeing, but need to create their own place in science, 
real science, so that they can assist their students to do the same. Hach of the 
activities and assignments has helped facilitate this process. Although at first 
perusal the activities and assignments >eem unrelated, they support one another 



Some Closing Thoughts 
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and intersect to form a matrix with the mirrors and windows becoming inter- 
twined until they become almost indistinguishable. 

Note: I would like to acknowledge Dr. Janice Koch of Hotstra University for the 
insight that she provided for me as I first created my elementary science methods 
courses. 
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An Analogical Technique for Teaching 

Question-Asking Skills 
to Science Teachers 



Questioning skills are a critical part of instructional expertise, and thus arc 
essential for both preservice and inservice teachers to master. I present question- 
ing skills to the teachers and students I work with as a series of three one-hour 
lessons which address the following subskills: (a) choosing the right questions, 
(b) asking questions effectively, and (c) responding appropriately to student 
answers. To help teach the second of these subskills, "asking questions effec- 
tively," I have developed a scries of vignettes, involving throwing and catching 
tennis balls. These vignettes arc analogous to a variety of question-asking 
behaviors. This activity has proven to enthusiastically engage students, while at 
the same time requiringthem to employ some sophisticated critical thinking skills 
as they develop a model for reflecting on their own question-asking technique. 

The activity that will be described here requires about an hour and follows 
an hour-long lesson on "asking the right questions," during which students learn 
to generate convergent and divergent questions at various levels of Bloom's 
taxonomy. The activity is followed by a lesson on "responding appropriately to 
student answers", during which students develop skills in praising, probing, 
prompting, and redirecting student answers. 1 typically use the activity with 30- 
50 science methods students, though 1 have effectively used this activity with 8 
to 120 students in settings ranging from elementary school teachers' lounges to 
university lecture halls. 

Introducing the Lesson on ** Asking Questions Effectively" 

When presenting an extended workshop on questioning skills. 1 find it 
worthwhile to take the time required to guide participants so that they inductively 
discover the idea that playing catch with a ball is, in many ways, analogous to 
asking questions and receiving answers. With the time constraints inherent in a 
science methods class, however, I typically streamline this step by beginning the 
lesson by holding up a tennis ball and saying, 'This looks like a tennis ball, but 
actually its a question." Then I toss it to someone and ask, "What did I just do?" 
(Response: 'Asked a question!') Then I'll have her toss it back, and ask, "What 
did she just do?" (Response: 'Answered the question!')." 

Once it is clear the analogy has been established, I conclude the introduction 
by saying, "The way you ask questions can have an enormous effect on how well 
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your students learn. By visualizing asking questions and receiving answers as 
beingsimilarto playing catch with a ball, you can really strengthen your question- 
asking skills! Now we're going to do a series of activities using this analogy. 
After each one, we'll stop and describe what happened, -md discuss how it might 
be analogous to classroom questioning." 

Presenting the Activities for "Asking Questions Effectively" 

The following analogical activities are ones that have over the years proven 
to be most effective in teaching questioning skills. Though 1 have tried many 
others that have not worked, and though there are several important questioning 
skills for which I have yet to find effective analogical models, the ones presented 
here do appear to provide vivid, thought-provoking, and informative experiences 
for students. 

As 1 teach this lesson, 1 establish a pattern consisting of three phases for each 
activity: (a) Demonstrate the activity, (b) Students present their perceptions of 
what happened, and (c) Students describe the ways in which this activity is 
analogous to some aspect of teacher-questioning. In the following examples, I 
will describe each of these phases as they typically occur in the classroom, 
including a description of the activity, samples of typical student perceptions of 
what happened, and student descriptions of the analogy that was represented. 

Activity #1 

Stand in the middle of the classroom, call a student's name, then toss the ball 
to him or her. Repeat this a few times. Then say, "This time I'm not going to say 
WHO I 'm going to toss the ball to; I'm just going to toss it to someone!" (At this 
point, it's effective to hold the ball back as if you're about to throw it. and turn 
slowly around the room. Students invariably lean forward in their scats a little, 
and become very still and alert.) Then, without throwing the ball, stop and ask 
students to describe what they experienced. 

Atypical student response is. "When you called someone else's name before 
you threw th? ball, 1 was able to relax, because 1 knew 1 wasoff the hook, but when 
you said you would just throw it to anybody, without saying who, 1 had to be alert 
the whole time because \ knew I might gel it." 

Students describe the analogy as follows: "If you call someone's name before 
you ask the quest ion, the other students don't have to listen closely to the question, 
or try to think of an answer. If you ask the question then make everybody sweat 
for a while, most ot them will probably have an answer ready just incase you call 
on them." 

Activity #2 

Ask, "Who would like to catch the ball?" When there are a few hands up, toss 
ihe ball In one of the volunteers, then ask him or her to to^s it back. Repeat this 
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a few times, then state, "*Wcll, it's clear to me that this entire class really 
understands catching and throwing, and we can move on to something else!" 

Student reactions: "How could you know we were all good at it? You just 
threw it to those people who volunteered, and the people who volunteered were 
all probably pretty good at it. If 1 were incompetent, I'd never volunteer!" "As 
long as ! never volunteered, I'd never have to pay attention or learn to catch " 

Student generated analogy: "If you just call on volunteers, you're likely to 
get a distorted impression of how well the class understands something. You'll 
get a better picture if you call on non-voluntccrstoo. If you just call on volunteers, 
it will be easy for some students to just quit paying attention. There may be some 
kids who want to answer but don't want to volunteer, and they'll never get a 
chance to participate." 

Activity #3 

Toss the ball with some force to a male student across the room, then have 
him toss it back to you. Next, move close to a female student and toss the ball to 
her in an elaborately gentle manner. It is rare that this needs to be repeated more 
than once before the women students in the class begin protesting indignantly, 
though many of the men will be completely baffled at the women's reactions. 

The discussion of this activity is invariably a lively one, quickly addressing 
several aspects of bias and equity. Typical student comments include, "How 
come you were throwing it so easy to the women? Do you think we can't catch?" 

"There's nothing wrong with that. It's just a fact that girls (sic) can't catch 
as well!" 

"You can't make that assumption; plenty of women athletes arc better than 
most of you guys!" 

" Well , maybe some, but you 'd embarrass most women if you threw it to them 
hard and they couldn't catch it! They just don't have the skills or the interest." 

"But even if a woman wasn't very good at catching a ball, she'd never get any 
better if all she ever got was really easy throws!" 

Student generated analogy: "You can't make assumptions about who can 
answer what kinds of questions based on whether a student is male or female, 
black or white, able-bodied or disabled, etc." 

"It's important for each student to feel challenged once in a while — not 
intimidated or anything— just stretched to their limits, otherwise they'll never 
improve." 

Because there often exists some skepticism that teachers actually ask 
questions differently based on gender, ethnicity, handicap, seating location, etc., 
this is an excellent opportunity to describe research findings and recommenda- 
tions regarding interaction bias, such as in Sadker and Sadkcr ( 1 982) and Brnphy 
and Ciood ( I e >74 ). This is also an opportunity to create some anticipation for 
future lessons specifically devoted to equity issues in the science classroom. 




BEST COPY AVAILABLE 



178 • Behind the Methods Class Door 



Activity #4 

This activity includes some good-natured fun and provides some relief from 
the often emotion-laden preceding discussion. 1 begin by holding up three tennis 
balls and asking, "Who can juggle?" 1 have found that there is almost always 
someone who will be proud to demonstrate their ability to juggle, much to the 
delight of the other students 1 interrupt their performance by saying, "No, no, no, 
that's not what 1 was look ng for." Then I take the balls from the crestfallen 
student and juggle them usi ga different technique than the student used, saying. 
"Now, that's what 1 wan :d!" (If you're not a juggler, it should be equally 
effective to have another stuuent do the juggling.) 

Typical student reactions include, "Hey, that's not fair; she did what you 
asked!" 

"There was nothing really wrong with what she did. You just weren't clear 
about what you wanted." 

Student generated analogy: "You have to be really clear when you ask a 
question. Sometimes you'll get answers that are right, but you didn't expect them, 
or they 're different from what you intended. You have to ask questions precisely 
and listen to answers very carefully." 

"Students shouldn't play the ^ame of 'guess what answer I'm looking for'. 
They shouldn't have to read youi mind." 

Activity #5 

1 begin by stating. "Let's say several of you disagree about an issue. Now 
we'll have a class discussion using questions and answers." Toss the ball back 
and forth from you to one student, then from you to another student, then from you 
to a third stuocnt, then from you to another and another. It's helpful here to make 
somecommcnts like "Well, you certainly have a strong opinion, John!" and "Oh, 
so you think he's dead wrong, huh Lisa?" and "Well, that's an angle that 1 don't 
think either John or Lisa has considered!" 

Students usually react by making comments such as, "Why did we have to 
throw the ball back to you ever) *imc? It would have oeen better to just hnvc them 
toss it back and forth to each othc " 

"Discussions would be better sometimes if the teacher didn't mediate and 
interpret everything. Students should get to interact directly with each other. As 
long as things don't get out of control, the teacher should probably stay out of it!" 

Activity #6 

This final activity is a simple one, yet it addresses one of the most common 
questioning errors. It requires some sophisticated analogical thinking from 
students, and usually some skillful guidance from the instructor in order for 
students to recognize the analogy. 

1 ^cgin this activity by throwing the hall into the air, then catching it, and 
saying, "I caught it, right?" 1 then repeat this pattern several times, using phrases 
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like, "I caught that, wouldn't you say?", "That was a catch, wasn't it?" or "You 
can all see I caught that, can't you?" I conclude this demonstration with a 
statement such as, "Well, that's great; I've clearly taught you all how to catch!" 

Student reactions: "No one really caught or threw the ball — we just had to 
agree that you did." 

"We just watched and listened, we didn't have to do anything." 

"Just because we saw you catch the ball doesn't mean we learned how to 
catch it." 

In this phase, the students may need some skillful guidance in order to 
develop the concept of directive questions. When students begin to understand 
this concept, they will make statements such as, "If you say something like 
'sodium hydroxide is a base, right?', all students have todo is agree with you, they 
don't really have to know anything." 

"It's important that students have to come up with an answer, and that you 
don't just give them the answer when you ask the question." 

Concluding the Lesson on "Asking Questions Effectively** 

Because this lesson tends to be pretty free-wheeling, it is especially impor- 
tant to end the lesson with an effective closure, in which students reflect on, 
articulate, and summarize the learning they have just experienced. This can be 
done by simply having students generate lists or narrative summaries of question- 
askingtcchniques which tend to be more effective, and those which tend to be less 
effective. Inaworkshopscttingor when the lesson extends to additional sessions, 
a very powerful reinforcing technique is to have groups of 3-4 students take turns 
actingoutaqueslion-answercxchangc that includes one skill used effectively and 
another used ineffectively. After each group performs, the other students analyze 
and critique the questioning technique of the person playing the role of the 
teacher. 

Follow-up Activities for "Asking Questions Effectively" 

Because not all questioning skills seem to lend themselves to this analogical 
teaching approach, this lesson needs to be followed by one devoted to other skills 
that arc considered important, such as asking only one question at a time, and not 
habitually repeating student answers. 1 then have each student present a 5-minutc 
microtcaching segment which must be a series of questions and answers. These 
arc then analyzed and evaluated using the criteria we have developed for effective 
question-asking techniques. A fascinating phenomenon which almost always 
occurs is that, as students become familiar with good questioning techniques and 
learn to identify poor techniques, they become brutal critics of their professors, 
and revel in voicing these criticisms during class. I really encourage this practice, 
though 1 insist no names be used. Needless to say, this keeps me on my toes 
regarding my own questioning technique, knowing (from experience) that my 
students are entirely merciless when they catch me using poor technique! 
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Teaching Teachers to Use 
Operational Questions 



Frank L. Misiti, Jr. 



One of the challenges in elementary school science is to design instruction 
which best corresponds to the capabilities, interests, and needs of learners 
whether they are children or prescrvice teachers. People of all ages at some time 
or another arc captured by the mysteries of nature and express their nccd.to know 
through "why" questions: Why is the sky blue? Why are sunsets red? If hot air 
rises, why is it cold on mountain tops? Although these are wonderful questions 
and deserve answers, theanswers are not likely to be Understood unless the learner 
has or acquires the knowledge upon which the answers or explanations build. For 
example, understanding why the sky is blue sky and sunsets arc red requires a 
rather sophisticated knowledge of tight (wavelengths related to color and scatter- 
ing by particles). Often, children and their teachers curiously ask the "why" 
questions but do not have the knowledge nor can they easily acquire the 
knowledge needed to construct or understand the answers. It is understandable 
then, why teachers sometimes shy away from science; they know that the children 
will ask the questions, but they but do not have the answers or know how to 
communicate the answers to children. Rather than avoid science or dismiss the 
"why" questions outright, there is a viable strategy for responding not only to 
"why" questions but to observed phenomena in general. The strategy is to guide 
the learner into asking and answering questions which can be answered through 
observation and/or experimentation. Dorotny Alfkc (1975) has called these 
operational questions. What follows is a description of how I use a learning cycle 
approach to teach methods students about operational questions and their use. 



I ask my students to consider the following scenario: 

You arc greeting students as they arc filing into your afternoon science class. 
A bright eyed fifth grader tugs at your arm and excitedly describes a curious 
story about an incident that occurred at morning breakfast. The student 
observed her mother using a paper towel to clean up a glass of water 
accidentally spilled on the kitchen floor. The child asks. "Why do paper 
towels soak up water so easily?" 

i challenge my methods students to think of a meaningful reply to the little 
girl's question. As my students share their proposals, 1 purposefully avoid 
making value judgements regarding the quality of their responses. The responses 
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are varied and reflect my students' own experiences as children asking similar 
questions. Our disc ssion generally leads to the following options: 

1. Demonstrate your competency in science by carefully explaining that because 

water is polar molecule, adhesive and cohesive forces cause the capillary 
action for water absorption in the paper towel. 

2. Recognize the complexity of the required response and simplify the explana- 

tion by saying, "Since the paper towel is soft, it soaks up water easily." 

3. Seize the opportunity to involve the student in extra credit research and refer 

her to the librarian by saying, "That's a great question! Why don't you ask 
the librarian to help you find the answer and share it with us tomorrow?" 

4. Be honest with the student and follow up with a qualifier, such as, "I'm not 

really sure how to answer that question. Let me check it out tonight and I'll 
let you know tomorrow." 

5. Recognize how irrelevant the question is to your science program and respond, 

'That's a very good question that has a very complicated answer. Be patient, 
you will learn about that when you take physical science at the middle 
school". 

6. Smile warmly and change the subject. 

Obviously, none of these responses will be very productive for the little girl. 
She is eager to understand the astonishing behavior of the paper towel. Her 
curiosity has been aroused. She is interested in learning science. The problem 
is that she does nut have an adequate knowledge of physical science or the 
prerequisite experiences required to understand the underlying principles that 
explain the phenomenon. Furthermore, any of the above responses may only 
reinforce the perccpti* n held by many children (and elementary teachers) that 
science is much to complicated for ordinary people to understand. 

I tell my students that science teachers have another option which is easy to 
use and productive for inquisitive children. Teachers might respond, "What a 
great observation ! I'm not exactly sure why paper towels soak up water so easily. 
But let's see if we can experiment with paper towels and learn something about 
how they soak up water." 

At this point my students are ready to actively participate in a learning cycle 
sequence that will model the method that I would use to teach children (and 
teachers) how to investigate with operational questions. We begin with the 
following hands-on, exploratory activity. 

An Exploration Activity 

I model the following procedures as I give directions for the activity: 

1 . Cut a 3 cm X 1 5 cm strip from a paper towel. Fold the strip in half along 
its length. 

2. Pour tap water into a small baby food jar to a height of approximately 
2 cm. 
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3. Place or stand the folded paper strip in the jar. 

4. Observe the paper towel and the water. Make a list of your observations. 
Be careful not to make inferences. Remember that an observation is a 
piece of information that we gather with one of our senses. An inference 
is an interpretation of something that we observe. 

5. As you observe the folded paper towel standing in the jar of water, make 
a separate list of questions that are related to what you are observing. 

6. After about 5 minutes remove the paper towel and lay it on a sheet of 
paper. Continue to make observations and record any questions that 
come to mind. 

7. Work together in groups of three. One group member will get the 
materials; one will record the group's observations; and one will record 
the group's questions. 

The materials (1 pair of scissors, 1/2 cup of tap water, 1 sheet of paper towel, 
and 1 small baby food jar) are acquired and the activity begins. When each group 
has had sufficient time to observe the paper towel and ask related questions, we 
record observations on one chalkboard and the related questions on an adjoining 
chalkboard. 

I direct attention to the list of observations compiled on the chalkboard, As 
we analyze the list, we find that it often contains inferences. Here we carefully 
differentiate the observations and inferences. For example, "the paper towel sunk 
into the jar when it became wet because the water made it heavier" is an inference. 
However, "the water rose slowly up the paper towel when it was placed in the jar" 
is an observation. I make it clear that we have not answered the initial question: 
"Why do paper towels soak up water?" We have, however, made careful 
observations which describe the phenomenon. The list of observations is retained 
for future reference. 

Next I direct student attention to the list of questions on the second 
chalkboard. 1 read all of the questions aloud but carefully avoid answering the 
questions. I accept all questions that are reasonable and hclpthc students sec how 
many of the questions can be traced directly to one or more of the observations. 



Discussion 

Now I have my students reanalyze the list of quest ions by asking them, "What 
questions on our list could be easily answered by doing something with the paper 
towel and water?" These questions, which arc answered through action and 
observation, are defined as operational questions. 
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Pedagogical content 

Operational questions directly involve learners in science inquiry. They 
enable investigators to obtain first-hand evidence regarding a phenomenon of 
interest. An operational question requires the investigator to observe and often 
manipulate concrete variables; it implies what the learner must actively observe 
or do something with the materials to obtain an answer. In short, asking 
operational questions empowers the learner to become an independent researcher 
and enables her or him to learn more about those puzzling encounters with natural 
phenomena. Dorothy Alfke (1974) described operational questions as questions 
that are asked by, meaningful to, and potentially productive for the learner. 

Operational questions are often *' what if., ."questions. They do not begin with 
"why ." When experienced researchers observe an interesting phenomenon, they 
often begi n their inquiry with a "why "question, but usually set that question aside 
as they ask and answer operational questions which are designed either to further 
explore the phenomenon or to investigate hypotheses associated with possible 
explanations. Ultimately, all proposed explanations (answers to "why'* qucs- 
tions) must stand the test of operational questions. 

The inquisitive science student, when faced with an interesting "why'* 
question, often seeks answers from someone or probes a book for an answer. 
Unfortunately, the answers are not alwavs there nor arc they understandable when 
they arc found. At this point the student can give up in frustration or be guided by 
a teacher into asking and answering operational questions associated with the 
interesting phenomena and question. By engaging in asking and answering these 
operational questions, children remain connected to the phenomenon which 
initially captured their interest. As they seek answers to the operational questions 
they also develop greater knowledge about the properties of objects and how 
those objects interact with one another. In addition, they have the opportunity to 
develop science process or investigatory skills such as manipulating and control- 
ling variables, ope utionally defining, measuring, distinguishing observations 
and inferences, constructing and interpreting graphs, and so forth. 

Prc-scrvicc elementary teachers (and elementary science students) ctn 
easily learn how to generate operational questions. Allison and Shriglcy (1986) 
found that if elementary teachers modeled the use of operational questions in 
science class, their students asked significantly more operational questions than 
students in a control group where operational questions were not modeled. 

Concept Application Activity 

After introducing the concept of "operational questions" and presenting 
reasons for using operational questions with children. I challenge my methods 
students to refer back to the list of observations and related questions and create 
operational questions related to any observations or non-operational questions 
which were asked. Examples of operational questions generated during the 
ejoloratkvi and application phases of the paper towel investigation arc: 
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How does the kind of liquid (muddy water, clear water, alcohol, soapy- 
water) determine how much liquid will be soaked up? 

♦ Does the temperature of water make a difference? 

Will a tightly rolled piece of paper soak up water faster than a loosely 
rolled piece of paper? 

• What are the properties of fast "soaker-uppers" and slow "soaker- 
uppers?" How will shiny paper, notebook paper, and towel paper 
compare as "soaker-uppers"? 

After generating more operational questions, my students carry out addi- 
tional investigations. We then compile a list of all the their discoveries and make 
a few inferences regarding the "soaking" process. As a consequence of these 
operational questions and the associated discoveries, my students have learned 
that good "soaker-uppers" have a rather loose '"weave" and that poor "soakers" 
either have no *\veave" at all or a very tight "weave," and they have learned that 
different liquids climb (orare soaked up) at different rates. Someday this acquired 
knowledge might help them more meaningfully understand a scientific explana- 
tion which incorporates ideas such as capillary action (related to "weave"), 
adhesion, and cohesion (related to properties of liquids). 

Although the original question "why do paper towels soak up water?" is not 
answered, interest in "soaking" and enthusiasm for investigation is generated and 
sustained. My students recognize this and hopefully see operational questions as 
ways to respond to children's "why" questions while sustaining their interest, 
developing their inquiry skills, and establishing the physical knowledge the 
children need for a more meaningful understanding of abstract concepts and 
explanations. 
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Authentic Dialogue: Methods for the 
Elementary and Middle School 
Science Methods Class 

Michael Kamen 



The question posed by the first-grade teacher to her students is whet her or not 
snails can smell. Several children point out that a snail does not have a nose and 
therefore cannot smell. Another group of children disagree with this conclusion 
and refer to their experimental data, which describe a snail turning away from a 
Q-tip soaked with liquid smoke before actually touching the O-tip. The teacher 
asks what she can add to the class journal that will satisfy everyone. The debate 
continues until one child says that he thinks he has an answer. All the children 
focus on this quiet boy. He says that the snails must "feel" the smell with their 
faces. A sense of relief and satisfaction fills the room as all the children nod in 
agreement and accept the statement, "A snail feels smells with its face," as the 
teacher adds it to the journal under Can A Snail Smell? 

This discussion is an example of authentic dialogue. Children arc asked to 
discuss their questions and, through debate and consensus building, develop 
models that explain all the data presented by members of the class. The focus of 
an authentic dialogue is understanding and consensus building rather than 
satisfying the teacher with specific answers. This is not an easy role for a teacher 
and requires clear goals, a good knowledge of the content being discussed, and 
the ability to withdraw from the center of the discussion while still maintaining 
the leadership position in the class. 

Authentic dialogue occurs when children arc sincerely engaged in a mean- 
ingful conversation related to the concepts being taught. The purpose of the 
conversation is to develop an explanation, come to consensus, or help to complete 
a meaningful task. These discussions differ from traditional discussions in that — 
from the child's perspective — the teacher is not standing in judgement of the 
comments made. Thejudgcsaretheothcrchildrcn, the final results of the projects 
or experiments, and the child's own satisfaction with his or her understanding. In 
preparing teachers to plan lessons and lead discussions that facilitate authentic 
dialogue, a number of instructional strategics arc used. 

Modeling Authentic Dialogue in the Methods Class 

There arc two levels at which modeling can occur. At the first level the 
instructor presents lessons to the students as would be presented to children. The 
instructor then leads the class through activities and discussions that incorporate 
authentic dialogue. It is important to carefully choose the lessons so that the adults 
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have real content issues to debate. At the second level the students are asked to 
reflect on the lessons and discuss pedagogical issues, including the role of 
language in the lesson. The instructor leads these discussions in a way that 
encourages authentic dialogue. In this way the students both experience model 
lessons and, through their own authentic dialogue, explore key issues in teaching 
science. 



This is perhaps the most difficult and i mportant st rategy for helping preservice 
teachers learn how to promote authentic dialogue in their future classrooms. The 
ideal scenario is to place students in classrooms with teachers who arc already 
skilled in this area. Unfortunately, in many situations there are a limited number 
of such classrooms, administrative restraints on placing students in selected 
rooms, or no field experience associated with the methods course. There are 
several alternatives, however: 

1 . Videotapes of model lessons can be used during class sessions. 

2. Exemplary teachers can be brought in to discuss their methods of promoting 
authentic dialogue with their students. 

3. Studcntscanobscrvethcinstructorteachingchildrenfroma local elementary 
or middle school. 

Providing Opportunities tor Students to Teach Lessons 
With the Goal of Promoting Authentic Dialogue 

It is important to provide guidance and feedback before and after each lesson. 
The ideal situation is for the students to teach lessons in elementary or middle 
school classrooms where the children frequently engage in authentic dialogue. 
Alternatives may include micro-teaching to other methods students, bringing 
children to the university, setting up an empty room in a local elementary or 
middle school as a science lab, and sponsoring classes for children at an informal 
site such as a nature center, zoo, or museum. It is critical to choose a setting which 
maximizes the instructor's input and control of the experience. At Auburn 
University we have success with a two-week summer environmental class. 
Children come in for about two-and-a-half hours in the morning and arc taught 
by undergraduate methods students in science, social studies, and math. 



A clear intructional model can help beginning elementary or middle school 
science teachers organize their plans and adapt their resources to a pedagogical 
approach in which authentic dialogue is promoted. Three such models arc 
described below. 



Providing Opportunities for Students to Observe 
Model Lessons with Children 



Presenting a Clear Instructional Model 
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Investigation-Colloquium Method 

The Investigation Colloquium Method (1-CM) provides a valuable frame- 
work for incorporatingauthentic dialogue into science lessons. Brenda Lansdown 
( 1 971 ) developed this method of teaching science, which is based on Vygotsky *s 
(1962, 1978) theories about the relationship between thought and language. Her 
instructional strategy combines concrete experience with student verbalizations. 

The colloquium in this instructional model addresses the need to include 
verbalization or student talk as part of a learning experience. After an investiga- 
tion with concrete materials, the children discuss what they have learned. They 
do not simply answer the teacher's questions but talk, debate, argue, and come to 
consensus with each other. Lansdown discusses the process. 

This growth (conceptual) may be described as moving from (1) con- 
crete, personal involvement with structured materials and the preverbal 
thought this involvement engenders, to (2) interaction of thoughts and 
words as observed data arc presented at the beginningof the colloquium, 
to (3) interaction with words and thoughts of co-workers, to (4) the 
formulation of explanations and, finally, to (5) testing the explanations, 
(p. 121) 

The Investigation-Colloquium Method is a well -structured and planned 
approach to teaching science which gives students opportunities to learn sponta- 
neous and scientific concepts. George Tokicda (1982) describes the method: 

The method (1-CM) of approach is based on the fact that children (and 
adults) icarn best by doing and then talking about their discoveries. 
Duringthc investigation, children experiment with materials which the 
teacher has carefully structured around predetermined concepts and 
they discover the concepts which arc now in their hands, so to speak. 
During the colloquium, the teacher encourages the children to say what 
they have discovered in their own words and tries to take a back scat in 
the discussion. Through this collaborative peer group dialogue, the 
children begin to formulate their understanding of the concepts which 
move from their hands into their heads through the vehicle of language, 
(p. 36) 

The students participating in the Investigation-Colloquium Method are 
given opportunities to verbalize their discoveries, questions, and observations. 
The combination of the verbalizations and the concrete experiences follow 
Vygotsky 's notion thai learning is the bridging of scientific and spontaneous 
concepts. 

Two research studies have examined aspects of the Investigation-Colloquium 
Method. Eugene Trainor (197S) compared oral statements of students with 
different methods of discussion following hands-on science investigations. One 

£00 



BEST COPY AVAILABLE 



190 • Behind the Methods Class Door 



treatment group were engaged in a colloquium that followed Lansdown's 
guidelines. The second treatment group followed the guidelines presented in the 
Elementary Science Study teachers* manuals (Educational Development Center, 
1 97 1 ). In this second treatment group the teacher was non-directive and passive. 
In the control group the classroom teacher was present instead of the researcher. 
The role of the classroom teacher was passive during the discussion. 

. The results supported the Investigation-Colloquium Method as facilitating 
conceptual growth. The students' verbal statements were analyzed. The students 
in the Investigation-Colloquium Method group made about four times as many 
statements as thcother experimental group and the control group. In addition, the 
statements were at a higher level of thought. This level of thought was based on 
Vygotsky's (1962) hierarchy of conceptual thought. 

Another study (Brooks, 1988) evaluated the implementation of the Investi- 
gation-Colloquium Method in an elementary school. Brooks found that the target 
performance goal of a 30-percent increase on textbook test scores was achieved. 

The Investigation-Colloquium Method can be described in a number of 
discrete steps. The steps arc presented in a sequence; however, the model is 
somewhat fluid with the teacher moving back and forth between instructional 
modes. 



The teacher decides on the concepts that will be included in a lesson or unit 
of study. It is important for the teacher to be knowledgeable about the concepts 
and their relationship with major themes in science. All other steps should 
support the development of these concepts and should be evaluated in terms of 
how well they help students understand these concepts. 

Materials and Equipment 

The materials and equipment arc presented to children to start the investiga- 
tion. The teacher usually begins with a statement such as, 4k See what you can 
discover about..." The initial structure for the investigation comes largely from 
the selection of materials and how they arc presented. The teacher chooses 
materials that prompt the children to focus on the targeted concepts and that allow 
them to observe events that will motivate them to want to know more. 

Data Charts and Student Documentation 

Additional structure and accountability for the children during the investiga- 
tion comes from the type of documentation required by the teacher. Data charts 
can hclpchildrcn focus on specific concepts. Science journals, notes, and learning 
logs (in which children state what they have learned) all contribute to each child's 
accountability and can help the teacher assess ihc children's understanding of the 
concepts. 



Concepts 
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The Colloquium 

The colloquium is a discussion in which the teacher requires the children to 
respond to each other to create a list of the facts learned and conclusions reached 
from the investigation. A fact is defined as any statement the whole class agrees 
on. The teacher keeps a scientist 's log of the facts. Misconceptions and questions 
can be addressed through additional investigations, mini-lectures, creative drama, 
research materials, and other available instructional resources. 

Creative Drama 

Creative drama is often used during the colloquium to help students explore 
a concept they are trying to understand. The teacher sets up the situation and roles 
for the children but allows them to decide how to act it out. This pantomime 
should , -ovide the children with an opportunity to develop and communicate a 
model demonstrating their understanding of the concept, not just reproduce what 
they have observed. This will give the teacher insight into how the children arc 
thinking about the concept as well as provide a concrete experience and context 
for children to discuss their understanding of concept. 

Mini-Lectures 

With sufficient concrete experience and ownership of questions about the 
topic being investigated the children will reach a point at which they are ready to 
assimilate factual information they may not be able to discover on their own. This 
information may be presented to students through anecdotes, written material, 
videos, computer software, or gucsl speakers. 

Closure /Technology Projects 

Children are asked to apply previously-learned concepts to solve a problem 
orcomplcte a task. The project should give the students ownership of the problem 
or task; it should be something they sec a real purpose for doing beyond being a 
required assignment. If the concepts learned must really be used in completing 
the project they arc reinforced for the children, and the teacher is better able to 
t sscss their understanding. 

The 5-E Model and The Learning Cycle 

The BSCS 5-E Modei and The Learning Cycle (SCIS) can also serve to 
stimulate authentic dialogue. Although more general and less focusscd on 
authentic dialogue than the 1-CM, they arc consistent with this pedagogy. 

The Learning Cycle consists of the exploration, invention, and discovery 
stages. The exploration stage includes opportunities for children to discuss their 
questions and ideas in their own language. During the invention stage children 
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continue to discuss their data, experiments, and ideas. At this time they are 
introduced to formal definitions of terms and concepts that should become a part 
of their discussions. During the discovery stage, children are required to explain 
new applications of concepts. 

The 5-E Model contains five steps: engagement, exploration, explanation, 
elaboration, and evaluation. The engagement step encourages children to 
develop their own questions that the following activities may help to resolve. The 
students 1 ownershipof the learning is an important element forauthentic dialogue 
to occur. The exploration step allows opportunities for children to discuss their 
ideas in their own words as they work on hands-on activities. In the explanation 
step children arc asked to verbalize their ideas and share discoveries with their 
peers. A goal in this step is to help the children use scientifically-correct 
terminology in their discussions. The elaboration step extends children's 
understanding by having them apply their understanding in a new context. 
Children are encouraged to discuss and debate their ideas as part of this process. 

Helping Students Understand the Theory and Research Supporting 

Authentic Dialogue 

A good methods course should expose students to a solid theoretical base and 
research findings that support the instructional model and pedagogical approach 
presented. A theoretical base for authentic dialogue can be laid by drawing 
heavily from Vygotsky and focussing on the connection be, ween thought and 
language, the importance of peer interactions, spontaneous and scientific con- 
cepts, and Vygotsky's developmental schema of conceptual thought. David 
Hawkin's (1°83) writing about the limitations of traditional teacher talk and 
Zculi's (1°86) discussion on the zone of proximal development in the everyday 
classroom further support Vygotsky\s theories. 

Giving Students Specific Techniques for Teaching Children 

A number of specific strategics presented to methods students help them 
pr wiotc authentic dialogue with children. Authentic dialogue about these ideas 
often emerge during discussions with methods students about model lessons 
presented in class or observations from lessons with children. Some of the 
specific strategies which facilitate authentic dialogue arc: 

1. Keep a class journal of statements that everyone in the class agrees with. The 
process of coming to consensus creates the need for children to debate and 
discuss concepts being taught. This can also be used throughout the methods 
course as a way of recording concepts about teaching science. 

2. Children can record data from hands-on investigations on a large classroom 
data chart. In this way patterns and discrepancies become obvious, which 
encourages authentic dialogue between the students when they share results 
and discuss conclusions. 
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3. Creative drama can help students understand and discuss interactions that 
may otherwise be too abstract. A number of research studies support creative 
drama as a facilitator of language and conceptual understanding (Mclntyrc, 
1974; Paley, 1978; Synder-Greco, 1983; Siks, 1983; Stewig& Vail, 1985; 
Kardish & Wright, 1987; Sarratore & Bell, 1989; Norton, 1989; Karoen, 
1991/1992). 

4. Children can be asked to complete tasks that have a real purpose and are 
related to the science concepts. With a sense of ownership by the children, 
the discussions required by the project are real and meaningful and invite 
dialogue. 

5. Teachers can observe students during hands-on activities and group work. A 
child can be asked to discuss an idea or experimental observation made 
earlier. Although obvious to experienced teachers, this may need to be made 
explicit for preservice teachers and can help them in leading a discussion. 

6. Teacher? can analyze their class discussions for the number of comments 
made between students rather than directed at the teacher. A diagram that 
tracks the conversation allows a teacher to assess the overall pattern. To 
make a diagram like this you must represent the teacher and every student in 
the class with a numberor their name. Simply move the pencil to each person 
who talks without lifting it from the paper. A diagram with many lines going 
to the teacher generally indicates a discussion with fewer opportunities for 
authentic dialogue than one that has more lines from student to student. 
These charts can be used during model lessons presented to a methods class, 
micro-teaching, or lessons with children. 

7. Ritualize the formal discussions in which the teacher is encouraging authen- 
tic dialogue by expecting children to come to consensus and talk to each other 
rather than to the teacher. Giving these discussions a name, such as 
colloquium, helps the children understand what is expected of them. 

8. Scat the chi ldren in a circle away from materials used in hands-on investiga- 
tions. Discussions attempted in violation of this guideline result in the 
children beingdistractedby the materials, less engaged in the discussion, and 
less likely to become involved in authentic dialogue. This can be clearly 
demonstrated in a methods class by leading a discussion with the students at 
tables with hands-on materials in front of them. 

9. When children are reluctant to speak, a teacher can get the ball rolling by 
going around the circle asking each child to state an observation or inviting 
specific children to share their ideas. 

10. The teacher should facilitate the discussion between children rather than 
engaging in direct dialogue with a child. Statements made by children can 
be restated and clarified by the teacher making everyone feel listened to. 
, Clarification by the teacher can help the children sec ways to resolve 
conflicts, which may include repeating experiments or designing new ones. 
For example, a response that would encourage authentic dialogue about why 
a balloon placed on a bottle has inflated might be: "Wc have two explana- 
tions. Sarah s idea is that as the air is heated it expands, needing more room, 
and Joe's theory is that hot air rises so as the bottle is heated the air rises into 
the balloon. How can we test these ideas?" 
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Lesson Plans that Support Authentic Dialogue 

/ 

The following assignments call upon methods students to incorporate 
straiegics into their lesson plans ihat can facilitate authentic dialogue. 

Clearly-defined concepts 

To be an effective leader in a discussion in which children are talking to each 
other it is important for the teacher to have a good understanding of the concepts 
being taught. Methods students can be asked to start each lesson plan with a clear 
and complete description of the concepts. A hierarchy of broad, sub, and specific 
concepts helps students to see connections to other areas of science and to 
children's language. The broad concepi is an overlying theme in science, sub 
concepts are statements describing relationships and definitions using techni- 
cally-correct terminology, and specific concepts (or children's concepts) arc 
ideas that arc expressed by children in everyday language. 

Selection of materials 

The choice of materials and how these materials are presented to students 
will prompt specific questions, investigations, and ideas. Students explain how 
the materials they selected and the way they are presented for hands-on activities 
will promote questions and discussion about the selected concepts. 

Documentation 

The methodof documentation influences the conceptson which students will 
focus and can facilitate the recognition of patterns and relationships. Students arc 
required to write two different lesson plans using the same hands-on materials. 
Their task is to create two different data charts and explain how each chart will 
focus the children on different concepts. 

Creative drama 

Creative drama can facilitate authentic dialogue as children attempt to make 
sense out of an abstract concept. Methods students write a lesson plan in which 
children arc asked to pantomime or act out the concept. 

A ppi ica tion ansignmen t 

A method of encouraging authentic dialogue is to present a real and 
meaningful task or problem to children. Methods students write lessons in which 
children must apply concepts learned to complete the task or solve the problem. 
Students will struggle when trying to develop an activity that has meaning for the 
children and requires them to really use the concepts they have learned. However, 
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with support from the instructor the students will sec the importance of the 
children having ownership of the activity and how' that relates to authentic 
dialogue. 

Conclusion 

A classroom comes alive when a teacher successfully engages children in 
authentic dialogue. One goal of a science methods course should be to help 
prcscrvicc teachers experience, recognize, and strive for student interactions of 
such quality that the children arc totally engaged in their discussions and pursue 
their investigations with interest and ownership. 

Promoting authentic dialogue does not come naturally to most beginning 
elementary and middle school science teachers, however. They ha /c probably 
had limited exposure to authentic dialogue during their own educational experi- 
ences. It is important to model pedagogical strategics that support authentic 
dialogue and to create many opportunities for students to engage in planning, 
teaching, and critiquing lessons that promote authentic dialogue between chil- 
dren. 

There is a great responsibility placed on science methods instructors to help 
students experience the rewards of igniting children's natural curiosity about the 
world in which they live. Just as children need to engage in authentic dialogue 
about the concepts they are struggling to understand, and just as methods students 
need to engage in authentic dialogue about their instructional strategics, their 
successes, and the struggles they face as beginning teachers, methods instructors 
need to engage in authentic dialogue with each other about the important task of 
preparing science teachers for elementary and middle school science classrooms. 
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A Performance-Based Approach To 

Preparing Elementary 
Science Teachers 



Thorn A. Votaw 



The literature is full of research describing good science teaching; good 
science teachers, however, have always done these things without benefit of 
reading the research. Many of us who train science teachers are cognizant of these 
qualities, from both the literature and exemplary teacher standpoint. Nonethe- 
less, at times we fail to adequately affect tcachi ng behavior so future teachers wi 11 
reflect exemplary teachers. John Goodlad told us several years ago that teachers 
tend to teach the way they were taught and that the predominate mode of teaching 
is teacher talk and individual scat work by students ( 1 984). Good teaching is a 
complex endeavor; preparing future teachers to have knowledge of and skills in 
this endeavor is even more complex. What follows is a description of an attempt 
to break the cycle identified by Goodlad and to lead future science teachers 
through the complexity of good instruction, with the hope that knowledge gained 
-ind behaviors practiced will be permanent. 



In the performance based approach to preparing science teachers, one goal 
is for seven components of science lessons to be assimilated by students to the 
extent that the daily use of them becomes automatic. The components for the 
lessons in order of introducing them to students arc: 

1. Motivating strategies as synthesized by Brophy (1^87). Examples of 
motivatingstrategiesSncludc allowing studentsopportunities to make choices 
or autonomous decisions, providing students with opportunities to respond 
actively, allowing students to create finished products, and providing stu- 
dents opportunities to interact with peers. 

2. Learning styles as synthesized by Dunn (WO). Dunn identifies four 
learning styles: auditory, visual, tactual, and kinesthetic. 

3. Levels of mental Involvement from the long-standing work of Bloom, 
Engclhart, Furst, Hill, & Krathwohl, (1^56). Bloom's taxonomy, to which 
it is commonly referred, contains six levels: knowledge, comprehension, 
application, analysis, synthesis, and evaluation. 

4. Brain studies by Caine and Cainc( Wi) and Williams (1983). TheCaines 
gave us information regarding memory systems and the principles of brain- 
bascV learning and Williams gave us information regarding the use of 
metaphors and fantasy. 



The Components Of Lessons 
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5. Science process skills by Cleare ( 1 985). Cleare lists observing, using space/ 
lime relationships, classifying, using numbers, measuring, communicating, 
predicting, and inferring. 

6. Creative process skills by Doutre (1988 ). Doutre discusses fluency, 
flexibility, originality, and elaboration 

7. Integration with other subjects by several authors. For example, integra- 
tion with language arts (Fisher & Fisher, 1985); integration with art (Petty, 
1985); and integration with math (Goldberg & Wagreich, 1989). 

The components of lessons are introduced individually on a week by week 
basis. Students work in groups to prepare a science lesson and later on teach that 
lesson to another group. A total of six lessons arc prepared and taught, which sets 
the scene forgroupsto prepare additional lessons for teaching children in schools. 
During this entire process, students have several varied encounters with the 
components of lessons. These encounters indicate repeated exposure and 
practice in a variety of ways which increase the chances that the components 
become reflexive teaching behaviors in students' minds. By the end of the class 
students will encounter all seven components in six ways: the instructor's 
overview, lesson preparation, teaching of or participating in lessons, assessment 
and refinement of lessons, feedback, and a final paper and computer disc (see 
Figure 1 ). 

The first component of a quality science lesson to be introduced is motiva- 
tion, being perceived as most important. Over the span of six lessons to be 
prepared, motivation will be part of the preparing and teaching six times. The 
instructor gives an overview of the component along with a handout describing 
motivation research (Brophy, 1987). Even though Brophy lists thirty three 
motivating strategics, students are required to only incorporate three into their 
lesson. This is the first of six encounters students have with the motivation 
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Figure 1. A synthesis of lessons, components of lessons, and encounters 
with components, and where they intersect each other. 
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component. Students are randomly placed in groups of four. Random grouping 
continues through lesson five so students get to know one another and can then 
form their own groups for teaching science lessons in schools. 

Rather than listen to an instructor's lecture about motivation, students arc 
challenged to work in teams to learn about motivation and to apply their 
knowledge in the development of a science lesson. The goal of each group is to 
prepare a five minute lesson using the component(s) of good lessons. Five 
minutes may seem very short, but the value in this approach to preparing teachers 
is to have practice in preparing lessons, to have several encounters with the 
components of lessons, and to have several experiences in teaching, rather than 
to teach a single science topic in its entirety. One could even argue that the actual 
teaching is a mere excuse or a mechanism to facilitate repeated exposure with the 
components and therefore does not need to be too long. The goal of the entire 
process is for students to assimilate, to remember, and to use, whe" they become 
teachers, components identified with quality science lessons . It is not particularly 
significant that each and every component incorporated into each lesson be 
covered completely during the five minute lesson. 

Preparing a lesson with peers is the students' second exposure to each 
component. During this time the instructor's overview is still fresh in their 
memory. Each time a lesson is prepared the students are provided with a new 
science subject area. Lessons from Science and Children magazine provide 
examples of the lesson component being studied. The Science and Children 
article on dinosaurs by Fehrenbach, Greer, and Karnes (1989) would be an 
example of motivation. The lessons students prepare, however, would not be on 
dinosaurs. In addition, lessons from a hypercard computer data bank of previous 
students' lessons are made available. 

The instructor spends most of his time working with the groups as they 
prepare their lessons. The time is spent clarifying the ideas concerning the 
component being studied, brainstorming with the students about the lesson they 
are preparing, generally communicating ideas about instruction, and modeling 
the behavior of facilitating the process of learning. 

The brief overview of the component and the initial preparation of the lesson 
takes place during a single classsession. Typically, students will have to meet out 
uf class to continue to work on their lessons; they are reminded that this out of 
class preparation time is "homework." Each group comes to the next class with 
its lesson ready to be taught. The lesson reflects the ideas about motivat ion as the 
first component to be studied. 

Peer Teaching Using The Components 

Three members of the four member group which prepared the lesson will get 
the opportunity to teach their lesson to another group of students in a round-robin 
situation. Assume there arc four groups (A, B, C, D) of four studenls ( 1 , 2, 3, 4) 
each. An initial "teacher," who we designate as " 1 is selected from group "A." 
The remaining three students (2, 3, 4) move to group "B" to be taught a lesson by 
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that group's teacher "1 ." The thrcestudents from group * C B" nv c to group "C" 
to be taught a lesson by group "C V teacher " 1 The three -, t udcnts from group 
4 *C" move to group "D" to be taught a lesson by DV teacher "I." The 

three students from group "D" move to group "A" to be taught a lesson by that 
teacher "1." 

When the initial teachers have students, their five minute lessons arc taught, 
in the first case, stressing the component motivation. This is the third encounter 
with the component motivation, both from the initial teacher's perspective and 
their students' perspectives. 

After the lesson, the students return to their original group. At this time the 
initial teachers provide information to their peer group regarding how the 
tcachingof the lesson fared. Particular attention is given to the degree of success 
regarding the component motivation. Thus, motivation is considered a fourth 
time as the lesson is assessed and refined. 

Another teacher, 'Teacher 2," is selected from each group. The student 
population now consists of students 1.3, and 4, During this second round of 
teaching, these students move to a different teacher and lesson than they 
encountered before. The students from group "A" move to teacher "C" so they 
will not get the same lesson twice. Students from "B" move to teacher "D," those 
from "C" move to teacher "A" and those from "D" move to teacher "B." 

The lessons arc taught a second time by different teachers to different 
students. The students again return to their own groups to discuss the degree of 
success of the teaching of their own lesson by their own teacher. A third teacher 
is selected from each group and each teaches his or her lesson to another group 
of students. The teacher from group "A" teaches students from group "B," the 
teacher from group "B" teaches students from group "C," the teacher from group 
"C" teaches students from group "D," and the teacher from group "D" teaches 
students from group "A." 

The lessons prepared arc taught three times by three different teachers to 
three different groups of students. One person from each group did not get to 
teach this particular lesson but since a total of six lessons will be taught he or she 
will have ample opportunity to teach. 

Learning styles, the second component of quality science lessons, is briefly 
discussed during the next class. Research articles (Dunn, 1990) and exemplary 
articles from Science and Children (see, for example, Kahanc and Jackson, 1^88) 
are handed out, computer data bank lessons arc made available, new random 
groups arc formed, a new science topic is chosen, and the students again prepare 
a five minute lesson to teach. The lesson is to contain the new information 
regarding learning styles plus previous information regarding motivation. Dur- 
ing the next class this lesson is taught three times by three different teachers in the 
same way the first lesson was taught. 

This process of introducing a new component, preparing, and teaching 
lessons continues sequentially for six weeks, adding a new component each week. 
Six lessons covering the seven components arc prepared and taught. Each lesson 
containsthe current component being introduced plus all the previous ones. That 
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is, lesson number one only contains motivation. Lesson two contains the new 
component of learning styles plus the previous component of motivation. This 
additive process continues until the sixth lesson contains all seven components: 
motivation, learning styles, levels of mental involvement, brain studies, science 
process skills, creative process skills, and integration of science with other 
subjects. The latter two arc implemented together. 

Lessons one through three are only five minute lessons. Trying to implement 
three lesson components into a five minute lesson is difficult for the students. 
However, they seem to be able to accomplish this to a fair degree. As mentioned 
earlier, the value of this teaching model does not lie with a single lesson covering 
several components to a high degree but rather by repeatedly encountering the 
lesson components in a variety of ways. 

Lessons four, five, and six become ten minute lessons, thus permitting 
additional time for more components. Members of the "student" group jointly 
complete a feedback sheet for the teacher who just taught the lesson. After the 
completion of the form the components are once again discussed. The teacher 
who taught the lesson receives the feedback sheet and has this information 
regarding how others perceive his or her success at teaching the lesson and using 
the components. 

Lesson six differs from the format of lessons four and five in that self- 
evaluation replaces peer feedback. Up until now groups have been formed 
randomly, thereby permitting students to get to know each other. In lesson six 
random grouping of students is replaced by students selecting their own mem- 
bers. This is done in preparation for teaching lessons in schools where students 
will need to be able to be part of a compatible group. 



After preparing and teaching the six lessons on campus to peers, groups of 
three or four students are formed and these groups prepare and teach three lessons 
in schools to children. This process draws on all the experience gained by 
preparing and teaching lessons on campus and generalizes it to a more realistic 
situation. During the process of preparing these lessons for schools, the compo- 
nents arc once again part of the thinking and planning. Actually teaching these 
lessons to children is the real test of the validity of the performance based model. 

The three lessons are taught in schools during regular school class time. One 
lesson is taught each week for a period of three weeks. Students have their choice 
of either teaching a single lesson to three different elementary classes or teaching 
a three lesson unit to a single elementary class There is ample time between the 
teaching of the lessons for assessment and refinement, something practiced when 
lessons were being taught to peers. Students utilize all seven components i n their 
teaching; the content area comes from the school's curriculum guide. A feeling 
of confidence during this experience is typical among students because of all the 
practice at the university. 



Lessons Taught In Schools 
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The culminating activity for the lessons taught in schools is the submission 
of a written lesson plan, eitherthe single lesson or the three lesson unit, along with 
a computer disc contai ning the lesson plan. The lessons contain the modifications 
made between visits to schools. The lesson on the disc is added to an existing 
hypcrcard science lesson data bank for use by students in subsequent semesters. 
Students in turn receive a computer copy of the entire set of lessons from theirown 
class and previous classes. 

As students gain familiarity with the components of quality lessons and 
practice using them, they are performing the complex act of teaching — the 
desired outcome of teacher training. During the course of preparing and teachi ng 
six science lessons to peers and three science lessons to children, students have 
become familiar with and have used seven components identified with good 
science lessons. 

Conclusion 

The model described in this article centers around seven components of 
lessons being introduced in an additive fashion with students preparing and 
teaching lessons that incorporate the components. Students encounter the 
components in different ways, thus increasing the likelihood of their remember- 
ing and using them. While many other things take place in the class during the 
semester, providing students with the opportunity to grapple with what makes a 
good lesson is of primary importance. 

This pcrformanccd based model for preparing science teachers has gone 
through several revisions over the years and former students who are now 
practicing teachers continue to relay the value they perceive in ihis approach. We 
believe the model utilizes descriptions of good science teaching and what good 
science teachers have always done. The basic concept appears sound with fine- 
tuning continuing each semester. 
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The Science Activity Filter: Guidelines 
for Improving the Selection of 
Science Activities 



New teachers arc thrust into a role that is full of demands, challenges, and 
unknowns. Beginning teachers must learn school rules and procedures; they need 
to decide what to teach and how to teach it; and they need to learn about their 
students and how to work effectively with them . Teaching science has the added 
challenges of finding or creating science activities, acquiring and organizing the 
necessary materials, arranging the materials for the lab stations* and transitioning 
in and out of science activities (Latz, 1992). 

As the effectiveness of a hands-on, minds-on approach is increasingly 
recognized, teachers arc being advised to expand their use of this experiential 
method. The National Science Teachers Association (NSTA) advises preschool 
and elementary level teachers to use a minimum of 60% of science instructional 
time for hands-on activities (NSTA, 1990). Middle school teachers are advised 
to spend a minimum of 80% of science instruction time on laboratory-related 
experiences that involve hands-on activities (NSTA, 1990). 

The number of published science activities is large (Bosak, 1991). These 
activities can be found in sourcebooks, activity books, textbooks, teacher re- 
source books, and journals. Over a decade ago, Pines and Pines described the 
market as "glutted with teacher handbooks, as seen on every publisher's stand at 
every annual teachers' convention, at administrative conferences, and winkingat 
us in our daily mail" ( 198 1 , p. 1 6). For the period from January 1 982 to September 
1993, the ERIC database contained 1883 abstracts for documents, books, and 
journal articles with the dcscriptor"scicnce activities," "science experiments," or 
"science projects," appropriate for students in elementary and middle school 
grades. The numerous science activities have the potential to be valuable 
resources for teachers. However, the volume "can be overwhelming. It can also 
be intimidating to someone who is hesitant about guiding children in science 
experiences" (Bosak, 1991, p. 2). 

Adding to the confusion is the problem that not all of the quantity is quality. 
After analyzing 50 pre-sccondary science activities from a variety of authors and 
publishers, Anderson, Beck, and West concluded, "The quality of most activities 
accessible to teachers is rather poor" ( 1 992. p. 1 7). Some published activities can 
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also be dangerous. Manning and Newman (1986) found serious safety problerhs 
in activities suggested in some sourcebooks. 

The effectiveness of an activity is highly context dependent. Activities may 
be effective in some environments but siill not be appropriate for a particular 
classroom, time schedule, or school budget. Well designed activities can be 
misused by teachers, for example, when teachers present a series of unconnected 
activities that fail to develop conceptual foundations of knowledge (Pines & 
Pines, 1981). 

Beginning teachers can run into difficulty because they may not have the 
experience and knowledge base to select effective activities. Two teachers' 
descriptions of their start in teaching illustrate this problem: **I basically was left 
to fend for myself and I just happened to survive" and "I learned from trial and 
error" (Pankratius & Snow, 1990, p. 20). While triaUand-error learning may 
produce some unforgettable moments, it can be an inefficient and frustrating way 
to learn. Using inappropriate science activities may waste student and teacher 
time, squandor resources, induce frustration, catalyze discipline problems, and 
even create danger for the students. 

In time, teachers develop pedagogical content knowledge — the product of 
the interaction of a teacher's content knowledge and effective teaching strate- 
gics — which includes a knowledge of how and when to use teaching materials to 
help students acquire skills and concepts (Clermont, Krajcik, & Borko, 1993). 
Experienced tt. : hers develop a "feel" for determining which activities will work. 
"Exemplary educators cull activities from a wide range of sources and incorpo- 
rate them daily into their lessons to improve instruction" (Beisenhcrz, 1993, p. 



Prcservicc teachers need help in learning how to efficiently and effectively 
choose good science activities. Teacher educators may have developed an 
intuitive sensitivity for knowing which science activities will work, and they may 
forget that prcservicc teachers need help in developing this skill. Teaching and 
learning how to choose good science activities can seem difficult because there 
arc few absolutes. Activities appropriate for one class may be inappropriate for 
another; one teacher may love activities that another scorns. Preservicc teachers 
need to be exposed to effective science activities (Tilgner, 1990), and they need 
to know why these activities arc effective. They also need to be exposed to 
ineffective activities and need to be enabled to determine why these activities arc 
ineffective. 

In response to this need we developed a set of practical, realistic 
guidelines to help teachers of all grade levels choose science activities. The 
guidelines were developed from (a) our experiences teaching science and 
prospective teachers of science, (b) field testing science activities for a national 
publisher, (c) the educational literature, (d) interviews with prcservicc teachers 
and science teachers, and (c) discussions with science teacher educators. The 
guidelines arc not absolute hut serve as a model fortcachcrs who arc creating their 
own guidelines (sec Figure 1). We call our guidelines the Science Activity Filter 
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because the guidelines can help teachers choose appropriate activities from the 
abundance of existing science activities. 

Activities that do not pass all of the guidelines can be rejected or modified. 
Learning to make modifications is important in order for the teacher to produce 
a belter match between the selected activity, the students, and the desired learning 
outcomes. "Hands-on activities [at the elementary level] should be revised and 
adapted to meet student needs and to enhance curricular goals and objectives" 
(NSTA, 1990, p. 1 ). 'Teachers are also expected to adapt materials for students 
of differing abilities and those withphysical or emotional handicaps" (Stefanich. 
1992, p. 14). 

When introducing the Filter in education methods classes, we ask the class 
to brainstorm a list of factors they would consider in choosing a science activity 
for possible classroom use. Afteran extensive list is generated, items are grouped 



The Science Activity Filter 
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Figure 1. The guidelines of the Science Activity Filter. The order of the guidelines 
presents a useful protocol for evaluating science activities for potential use in a 
classroom. 
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into categories that are similar to the Filter's guidelines. We present and explain 
the Science Activity Filter to the students, and discuss activities that did and did 
not pass the Filter's guidelines. Activities presented to prcservicc teachers should 
be appropriate for the grade level they will teach. The Filter is appropriate for use 
by teachers at all academic levels; however, in this article we explain the 
guidelines of the Filter and illustrate their use with activities designed for 
elementary and middle school children. 



Covey ( 1 989), in his book The 7 Haoits of Highly Effective People, suggests 
that to lead an effective life you must "begin with the end in mind." Beginning 
with the end in mind means having a clear picture of your destination. By 
knowing where you want to go, you can tell where you arc now, so the steps you 
take will always be in the correct direction. 

If the ladder is not leaning against the light wall, every step we take just gets 
us to the wrong place faster. We may be very busy, we may be very efficient^ but 
we will also be truly effective only when we begin with the end in mind. (Covey, 
1989, p. 98) 

Educators agree that beginning with the end in miitd is certainly important 
for selecting effective science activities. "Exemplary teachers have a vision of 
what they want their science program to be and what they want their students to 
accompl isrT (Beiscnhcrz, 1 993. p. 24). "If you set out to design the best possible 
elementary school science program, what will you include in your plans?.. . First, 
determine what you expect of the program and the students. Doing so requires 
written goals and objectives" (Orlich, 1985, p. 10). "Teachers must first make 
decisions about which concepts and processes to teach — and then seek ways for 
imparting these in some meaningful fashion" (Pines & Pines, 1981, p. 18). 

There arc many reasons, objectives, and goals for science education and 
science experiences. For example, the Committee on Science Education for the 
National Assessment of Educational Progress has developed the following 
objectives for students in science: 

1 . Know[s] fundamental facts and principles of science. 

2. Possesses the abilities and skills needed to engage in the process of science. 

3. Understands the investigative nature of science. 

4. Ha[s] attitudes about and appreciations of scientists, science, and the 
conscqucnccsof science that stem from adequate understanding. (Williamson, 
197" ; \ 11) 

The NSTA position statement on laboratory science ( 1 990) rccommendsthat 
laboratory activities enhance student performance in the following domains: 
process skills, analytical skills, communication skills, and conceptualization of 
scientific phenomena. Johnson, Laughran, Tamppari, and Thomas (1991) 
indicate that middle school science activities should help the student to (a) 
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develop or modify his or her understanding of a significant science concept, (b) 
practice process skills, (c) use quantitative thinking, (d) integrate science sub- 
jects, (e) utilize an inquiry approach, and (0 experience success and build self- 
confidence. 

From these lists and others, we have developed three categories of potential 
outcomes associated with doing science activities: (a) conceptualization of 
scientific phenomena, (b) science process skills, and (c) student attitudes. 

Conceptualization of Scientific Phenomena 

The conceptualization of scientific phenomena is a learning outcome of 
science activities that focuses on understanding science content (Johnson, 
Laughran, Tamppari, & Thomas, 1991; NSTA, 1990; Williamson, 1972). 
Constructivist ideas can guide a teacher in deciding if an activity is appropriate. 
Instruction should take into account what the student already knows. "Children 
learn more readily and remember things longer when they can connect new 
experiences and information with that they already know about the world — in 
other words, when they can actively construct their own knowledge" (Kober, 
1993, p. 6). "Using situations or materials familiar to the young adolescent will 
allow the student to more readily assimilate the new information into his or her 
existing body of knowledge" (Johnson, Laughran, Tamppari, & Thomas, 1991, 
p. 81 ), At the preschool/elementary level "activities should be selected that allow 
students to discover and construct science concepts; and, after the concept is 
labeled and developed, activitiesshould allow for application of the concept to the 
real lives of students" (NSTA, 1990, p. 1). 

The use of the learning cycle is an effective approach for helping students 
conceptualize science. Meichtry (1992) presents effective learning cycle activi- 
ties for teaching concepts related to stream study. Through three phases — 
concept exploration, concept introduction, and concept application — students 
interact with materials to simulate stream beds, record observations, participate 
in class discussions, learn concepts and terminology, and then apply the concepts 
in further activities. This approach sequences science activities from "concrete 
to abstract and provides opportunities for students to be actively involved in 
inquiry-based activities.... The learning cycle approach is particularly effective 
at the middle school level as it is well-suited to the developmental characteristics 
of young adolescents" (Meichtry, 1992, p. 437). 

Mcichtry's approach provides an example of using activities effectively to 
help students develop conceptualizations of scientific phenomena. The activ itics 
match the intended learning outcomes. In contrast, Zeitler and Barufaldi ( 1988) 
provide the following example of an inappropriately chosen science activity in 
grade 3. "Children were studying factors that affected seed germination. During 
this lesson they were asked to root a cutting from u colcus plant" (p. 147). The 
activity is considered inappropriate because "the lesson deals with germination 
of seeds rather than producing new plants from cuttings" (p. 148). 
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Lack of conceptual focus can weaken science activities. In the activity "Silly 
Putty Pickups," the challenge as stated is "students will explore the properties of 
Silly Putty™ and the types of print and picture books [sic] that can be picked up 
by Silly Putty™" (Runyan, Dowd t & Sarquis, 1993, p. 62). Students press Silly 
Putty™ on printed materials to see if the color gets picked up. The only direction 
for the second focus of the challenge is to "allow students 10-20 minutes to 
examine the properties of Silly Patty" (p. 63). Finally, the teacher is to 
demonstrate that if Silly Putty™ is pulled slowly it stretches and if pulled quickly 
it snaps back. The assessment of the activity is to "ask students to list reasons for 
calling Silly Putty™ a solid and reasons for calling Silly Putty™ a liquid" (p. 63). 
While this activity may be useful in some exploration situations, the conceptual 
objectives of th is activity are unclear, the procedure is vague, and the assessment 
seems only remotely connected to the challenge statement or the procedure. 

It is important to be aware of the potential of an activity to produce or 
reinforce misconceptions. Perhaps when some nonexperimental science activi- 
ties arc called experiments, students gain an inaccurate understanding of what an 
experiment really is (Eccles, 1 963). Some experiments used in classrooms do not 
really substantiate the theories they arc said to prove (Hershcy, 1992). Science 
activity books may continue to publish activities designed to prove a theory that 
is no longer accepted by the science community. For example, hydrotropism 
experiments arc a common elementary science activity; however, the existence 
of hydrotropism is seriously questioned by most botanists (Hcrshey, 1992). 

Science Process Skill Learning 

Process skill learning is an important outcome of science experiences 
(Johnson, Laughran, Tamppari, & Thomas, 1991; NSTA, 1990; Rutherford & 
Alilgrcn, 1990; Williamson, 1972). "The process component cf science is an 
integral part of all elementary science programs which involve students in hands- 
on type activitics"(Brown, 1 974, p. 97). "Many scientists and educators now feel 
that teaching process skills is more important than teaching the details of science" 
(Johnson, Laughran, Tamppari, & Thomas, 1991 , p 80). 

In Science — A Process Approach (AAAS, 1968), the basic process skills 
associated with science arc listed as follows: observing, classifying, using space/ 
time relationships, using numbers, communicating, measuring, inferring, and 
predicting. The basic process skills provide a foundation for the higher integrated 
process skills of formulating hypotheses, controlling variables, interpreting data, 
defining operationally, and experimenting (AAAS, 1968). 

Activities for learning science content can also help students learn science 
process skills. For example, in the previously described learning cycle activities 
for concepts related to streams (Mcichtry, 1 992), the process skills of observing, 
communicating, measuring, inferring, and interpreting data would be used by 
students conducting the activities. However, it should not be assumed that 
because students arc doing hands-on science, they arc acquiring all of the needed 
process skills. 

221) 




Guidelines for Improving the Selection of Science Activities •211 



Most lab activities that verify content do not systematically provide instruc- 
tion on either the process skills of science or on the components of experimental 
design and data analysis. Repeated trials, for instance, are not frequently found 
in lab activities, because repetition takes too much class lime and is not very 
exciting. It is no wonder that one of the most common flaws in science projects 
is the lack of repeated trials. (Cothron, Gicsc, & Rezba, 1993, p. 167) 

From an analysis of science activities in junior high school textbooks and 
supplementary materials, Pizzini, Shepardson, and Abell (1991) concluded that 
students have little opportunity to identify or formulate problems or hypotheses, 
design investigations, and communicate about their investigations. Including 
open-ended inquiry activities in their repertoire of science activities may help 
students develop these skills. Educational research on biology laboratories 
covering the last 20 years indicates that open-ended laboratories arc better at 
teaching laboratory techniques, process skills, and biological concepts, than arc 
approaches in which the student is simply following procedures and making 
observations (Leonard & Penick, 1993). 

Student Attitudes 

Beyond developing conceptualizations of science and science process skills, 
science experiences should contribute to the development of positive feelings 
toward science and scientific attitudes (Johnson, Laughran, Tamppari, & Tho- 
mas, 1991; Loucks-Horsleyctal., 1990; Rutherford AAhlgrcn, 1990; Williamson, 
1972). The term "attitudes toward science" refers to how students feci about 
science and how they feel about learning it. Scientific attitudes arc approaches 
toward understanding the world. 

Attitudes toward science are important because they may influence students' 
achievement in science and students' willingness to pursue science careers 
(Johnson, 1979). 

Elementary school children also need to develop positive attitudes 
toward science and toward themselves. Good elementary science 
programs strive to help children maintain or develop a sense of awe, 
curiosity, creativity, and the use of scientific resources to develop 
explanations about the natural world. Figuring out what it takes for 
plants to grow, lighting a light bulb and determining why it works one 
way and not another — these successes, so unlike many outcomes of 
schoolwork, should make children feel good about gaining more control 
over their world. (Loucks-Horslcy ct al., 1990, p. 42) 

Student perception about the importance of science is consistently correlated 
with a student's attitude towards it (Haladyna, Olscn, & Shaughncssy. 1983). 
Science activities which help a student sec the use and value of science may help 
improve students 1 attitudes toward science. The Sciencc/Tcchnology/Socicty 
approach may be useful in building positive attitudes because it focuses on 
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problems which students have identified and in which they have some personal 
stake (Yager, 1993). 

Scientific attitude may be related to attitude toward science, but it is 
different. Scientific attitude has been defined as "the willingness to wait for a 
conclusive answer— the skepticism that requires intellectual restraint and the 
maintenance of doubt.... the attitude of intelligent caution, the restraint of 
commitment, the belief that difficult problems are always susceptible to scientific 
analysis, 'and the eourage to maintain doubt" (AAAS, 1968, p. 2). Loucks- 
Horslcy et al. (1990) list the characteristics of a scientific attitude as desiring 
knowledge, being skeptical, relying on data, accepting ambiguity, being willing 
to modify explanations, cooperating in answering questions and solving prob- 
lems, respecting reason, and being honest. 

Values, attitudes, and skills make up what Rutherford and Ahlgren (1990) 
call the "habits of mind." "They all relate directly to a person's outlook on 
knowledge and learning and ways of thinking and acting" (Rutherford & 
Ahlgren, 1990, p. 172). Helping students gain science process skills, improve 
attitudes toward science, develop scientific attitudes, and learn conceptualization 
of science need not be considered as separate goals of a science program or a 
science activity; however, they are all outcomes associated with effective science 
programs striving to help make students scientifically literate (Cothron, Giese, & 
Rczba, 1993). By "beginning with the end in mind" the teacher can evaluate 
activities before, during, and after completion to determine their effectiveness. 



When teachers have found activities that appear to meet their learning 
objectives, they should analyze these activities using additional criteria. This 
second guideline of the Science Activity Filter focuses on whether the time 
consumed is in proportion to the potential outcomes. This is an important 
consideration because time in and around the classroom is limitcd_(Donivan, 
1993; Ellis & Kuerbis, 1992; Foster & Dirks, 1993; Morey, 1990; Rutherford, 
1993; Teters & Gabel, 1984; Tilgner, 1990). There are two aspects of time 
consumed by an activity that should be evaluated: (a) How much classroom time 
will be spent on the activity? and (b) How much time will it take for the teacher 
to prepare for the activity? While each aspect is evaluated, the overall question 
should be kept in mind: Is the time consumed in balance with the value of the 
learning experience? 

In examining an activity, it is important to determine whether it is worth the 
classroom time devoted to it. An activity may have the desired learning 
outcomes, but it may not fit into available classroom time. One activity suggests 
building a model space shuttle (Vogt, 1991 ). The children fashion the frame from 
the following simple materials: egg cartons, plastic bottles, tape, and glue. They 
cover this frame with papcr-mache and paint it to resemble the shuttle. Elemen- 
tary school students in a Montcssori class took more than four hours to assemble 
the shuttle. This project may be worthwhile, for example, in introducing a unit 
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on rocketry. However, we judged this activity to be inappropriate based on the 
large amount of classroom time used. Since the amount of time devoted to science 
at the elementary level is limited (Tilgncr, 1 990). it is very important that the time 
be well spent. 

Teachers' time outside of the class is also limited, and for new teachers the 
time crunch can be especially severe. Johnson, Laughran,Tamppari, andThomas 
( 1 99 1 ) assert that "neither the time nor the energy is available to develop or even 
locate the science activities thai can allow the first year teacher to focus on the 
learning of science by individual students" (p. 79). Perhaps this assertion is 
overstated; nevertheless, it is important to consider how much teacher time is 
needed to prepare for an activity. 

Assembling the materials and equipment for science activities can take a 
great deal of time. It took Anderson, Beck, and West ( 1 992) 40 minutes to set up 
a middle school science activity, and they were working from a well stocked lab 
room. Their assembly of materials was difficult because the materials list did not 
identify some needed equipment (scissors, stirring rod, scales, tasting rod) and 
did not specify sizes for the listed lab apparatus (beakers, flasks, 1 -hole stoppers). 
Construction of equipment for activities may increase the time required for 
preparation. For a spider web activity for middle school students (Beck, 1992), 
a teacher would need to purchase materials and construct a web board for each 
group doing the activity. Plywood boards cut into 0.75x0.8m sheets would have 
to be ordered or cut by the teacher. Each sheet would be painted dark blue, and 
153 finishing nails hammered in at specific points. We encourage teachers to 
spend the time finding, developing, and preparing science activities, yet wc also 
encourage teachers to find a comfortable balance of time used in relation to 
student learning outcomes, 



A lack of facilities, materials, and equipment, and the money to buy them, is 
a major obstacle for teaching hands-on science that can rule out the use of some 
science activities (Foster & Dirks, 1993; Haury & Rillcro, 1992; Helgeson, 
BIosscr,& Howe, 1977; James & Hord, 1990; Morey, 1990: Pankratius & Snow. 
1991 ;Tctcrs&Gabcl,1984;Tiigncr, i990; Williamson, 1972). Many prcsccondary 
teachers who want to do activities do not have access to a laboratory or adequate 
facilities in their classrooms. If an activity requires the use of facilities such as 
sinks, electrical outlets, windows that receive sun, or fume hoods, and the 
required facilities are not available, cither modifications in the procedure will 
have to be made, or the activities cannot be done. 

Rquipment and materials required for an activity must also be considered 
before selecting an activity. Arc the equipment and materials present in the 
school? The materials list for one elementary activity is as follows: Apple He, 
ll+, or lie; Science Toolkit™: Master Module; Science Toolkit ™: Module 1 
Speed and Motion; software disks for both modules; interface box; 2 photocells 
(one comes with each module); balloons; toy car (comes with module 1 ); speed 
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trap (comes with Module 1); light source (flashlights); ruler or meter stick; string; 
masking tape; graph paper (optional); notebook or paper; and other types of small 
cars (Woerner, 1993). Most schools would not have the required modules and 
software on hand. Even if the school was willing to buy the equipment and 
software, it would probably not be prudent to purchase it just fjr this one activity. 
The purchase might be worthwhile if it was determined that the materials could 
be used in other effective science activities. 

Anderson et al. (1970) advise teachers to make a list of all necessary 
equipment and to check that list against available equipment. When teachers are 
requesting that equipment be bought by the school, they should prioritize the 
items requested based upon the projected activities. An effective way to do this 
is to consider the expense for the items needed in an activity in relation to the 
learning outcomes. Optimization of resources is important for learning experi- 
ences. If materials, equipment, or facilities are not available, it may be impossible 
to do certain science activities. However, this should not be an excuse for 
avoiding hands-on science. Many effective science activities and activity 
programs use readily available materials. 



The issue of safety, the focus of the fourth guideline of the Science Activity 
Filter, should rule out some science activities. Modern publications — thanks in 
part to advances in science and a litigious society — are present ing safer activities. 
Care should be used in selecting activities from older publications (Manning & 
Newman, 1986). An activity commonly included in older sourcebooks is making 
a longitudinal section of a battery to investigate what is inside. Doing this with 
a nickel-cadmium battery can be dangerous because its high discharge rate can 
cause severe burns. Furthermore, cadmium is a highly toxic substance (Manning 
& Newman, 1986). 

Activities that use hazardous materials need to be avoided. Older sourcebooks 
may contain activities with instructions for students to handle hazardous materi- 
als such as benzene and carbon tetrachloride (Manning & Newman, 1986). As 
acceptable levels of exposure to some materials are lowered, even newer sources 
of activities may utilize materials considered to be hazardous. The Chemical 
Manufacturers Association has a service called Chcmtrec; by dialing 1 -800-262- 
82(H) teachers can either get referrals or information sheets on chemicals that are 
of concern. 

Anderson, Beck, & Wcsl (1992) identify safety problems with the sequenc- 
ing of directions in an activity. A water cycle activity in a middle school earth 
science textbook has inappropriate sequencing in several steps. 

2. Carefully taste the solution. 

3. CAUTION: Be sure the glassware is clean.... 

6. Insert a small piece of glass tubing through a one-hole rubber stopper. 

7. CA UTION: Use glycerine and a towel to insert the tubi/ig.(pp. 4-5) 
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Unfortunately, the cautions in steps three and seven are presented after the 
students may have already performed the actions they are being cautioned about. 

Other aspects related to safety concerns are the number and type of the 
students involved, the facilities available, and the knowledge and comfort level 
of the teacher in working with potentially dangerous materials. Specialized 
considerations and sou rces of information on aspects of laboratory safety include 
safe science for students with disabilities (Bazler & Roberts, 1 993), safety despite 
time constraints (DeCoster, 1992), toxicity of substances (Crellin, 1989), and a 
safety manual for elementary science (New Jersey State Department of Educa- 
tion, 1986). 



Good science activities challenge students, and they give students the 
opportunity for success. For activities to be effective they must be at the proper 
level of difficulty. If an activity is too easy, it will be boring; if it is too difficult, 
it will induce frustration. If an activity is too tedious, it may become both boring 
and frustrating. 

Before choosing to do an activity, it is important to know if the students have 
the manipulative and process skills that are required. Will the students be able to 
accurately use scientific apparatus, create a data tabic, or plot a graph? If not, 
preliminary activities may be needed to introduce the necessary skills to the 
students. 

Written instructions and explanations are important in many science activi- 
ties. "A clear statement of the problem or task, together with some underlying 
rationale, must always be provided" (Hawkey, 1993, p. 113). By necessity, many 
steps in protocols are implicit rather than explicit. Sometimes these implicit steps 
can cause confusion. 

When designing and writing science activities, the author must decide 
which procedures must be explicit and which can be left tacit or implicit 
as a subroutine. For example, students in the sixth grade are likely to 
know what it means to "cover the dish pan," but may not know what it 
means to "CAREFULLY taste the solution." (Anderson, Beck, & West, 
1992, p. 13) 

Thus, it is important to ask: Is enough detail presented in the protocol to do the 
activity? Illustrations and pictures can not only make an activity more interesting 
but also help students in understanding protocols and explanations. 

Hawkey (1993) identifies the presentation of information as another impor- 
tant part of a science activity. "At best, workcards/workshects give sufficient 
detail for the task; at worst, the material may become laden with inessential 
terminology or facts, Inappropriate or irrelevant information may actually hinder 
the learner, hiding the essence of the task" (Hawkey, 1993, p. 1 13). The questions 
asked in a science activity arc important; they should promote high levels of 
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thinking. Questions "most helpful to learning may reflect on the scientific 
process or raise awareness of key issues.... The least productive questions may 
simply reinforce the obvious or give inappropriate emphasis to lesser elements of 
the act i viiy" (Hawkey, 1 993, p. 1 1 3). The readability of the activity can influence 
many aspects of its level of difficulty. The lengths of words, sentences, and the 
use of unknown vocabulary influence the level of difficulty in the reading. Layout 
influences more than the aesthetic appeal of the activity; it can make the text easier 
to read (Hawkey, 1993). 

Does It Work? 

Finding activities that don't work is not uncommon. It would be nice if all 
authors and publishers tried out all activities before printing them, but this is 
apparently not the case. One activity from a sourcebook says to use a lemon, 
copper wires, a steel paper clip, and a brass pin to light a 1.5 volt light bulb (Kent 
& Ward, 1986). Despite numerous placements of the electrodes and attempts 
with different lemons we could not get a 1.5 volt light bulb to light. Anderson, 
Beck, and West (1992) could not follow the procedures of another published 
activity because the volume of water collected from a condensation apparatus was 
much too small to measure. 

It can be difficult to read an activity and know if it will work. Although doing 
so uses a teacher's time, all activities should be tried before they are used in a 
classroom. Only activities which have passed through all the previous layers of 
the Science Activity Filter should be tried. By following the sequence of the 
guidelines, teachers reduce the number of activities they should try (as is 
symbolized by the narrowing of the Science Activity Filter's funnel in Figure 1 ); 
this optimizes teacher time and resources. 

Doing activities before using them in class also checks the efficacy of the 
materials. Chemical reagents and batteries can lose their potency. In an analysis 
of the Science Curriculum Improvement Study II program, major problems 
reported by teachers arc typified by the following description of problems with 
the Population unit: 

Seeds arc planted, but few germinate. The crickets arrive with little to 
cat, so they immediately begin dying. Meanwhile, the few spindly 
plants thai have grown arc pressing against the aquarium lid, which fits 
poorly, and may even be cracked near the fastening paints. Once the lid 
pops up, the remaining crickets start to disappear from the tcrrarium. 
(Atwood & Howard, 1990, p. 855) 

An added benefit of trying out activities is that teachers can re-evaluate the 
activities based on the previous Science Actvity Filter guidelines as they conduct 
the activity. Zcitlcrand Barufaldi offer the following advice to elementary school 
teachers: 
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One method for determining the effectiveness of an activity is to try it 
yourself before writing it into a unit or using it with your students. Having done 
an activity yourself, you are better prepared to help students uork through the 
activity and learn from it. In addition, doing the activity can help you identify 
prerequisite skills and knowledge required of learners. (1988, p. 170) 

Final Thoughts 

In our interviews with elementary school presei-vice teachers before present- 
ing the Science Activity Filter, no individual suggested considerations that 
reflected all of the Filter's guidelines. In fact, most of these prospective teachers 
could name only a few things they would consider in choosing a science activity. 
During our presentations of the Filter, however, each class brainstormed a long 
list that reflected all the Filter guidelines. The Filter is a simple and time efficient 
manner for getting prospective teachers to think a little more broadly about factors 
to be considered in choosing effective science activities. 

The Science Activity Filter is not a static system, but one that can evolve with 
the experience and sophistication of a teacher. The first guideline, "begin with 
the end in mind," challenges teachers to choose educational outcomes. These 
outcomes may change as the teacher matures, and outcomes can be different for 
certain students and situations. After becoming familiar with the Filter's 
guidelines, teachers may wish to create their own set of guidelines. Helping 
preservice teachers develop realistic guidelines for selecting activities is an 
important step in helping teachers use a hands-on, minds-on approach to teaching 
science. 
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Educating Science Teachers Through 

Action Research 

Dale G. Merkle 



Encountering prcservice and inservice students term after term gives one 
much food for thought concerning some of the problems of teaching elementary 
school teachers to teach. One of the postulates that has sifted down from 
Educational Psychology is that activity on the part of the learner is preferred to 
passivity. Considerable literature (Ausubel, D., Novak, J., & Hanesian, H., 1978; 
Bruner, 1 960; Gagne, 1977; Good, T. & Brophy J., 1987; Rcsnick, 1983) attests 
to this premise. A plethora of science educators (I^awson, A. ct al, 1989; 
Lindberg, D., 1990; Morris, C, 1990; Sclim, M. & Shriglcy, R., 1983) have 
advocated the activity approach, and recent text series and new and old national 
curricula reflect this point of view, particularly the elementary science education 
curricula. The strength of these ideas abides in the research. 

In the author's science education courses activity-based learning is a regular 
feature. Students have come to expect that, no matter what the academic focus, 
some hands-on, minds-on activity will be used to stimulate their critical thinking 
about the topic. Students arc often guided through a number of activities which 
give them a look at science curricula, in general, and how children construct their 
own learning, in particular. The students create teaching units using the 
constructivist approach and the inclusion of hands-on/minds-on activities is one 
of the requirements for this unit. Old programs, such as Science-A Process 
Approach (American Association for the Advancement of Science, 1967), 
Science Curriculum Improvement Study ( Karplus & Thicr, 1970), and Elemen- 
tary Science Study (Elementary Science Study, 1976) are made available for 
students to review along with Activities for Integrating Mathematics and Science 
(Project AIMS, 1987), Science Activities for the Visually Impaired i Science 
Enrichment for Learners with Physical Handicaps (SAV1/SELPH Program, 
1981 ) and others. The course outline for science methods state;; that, 44 teachers 
cannot be interested in that which is unknown to them," and "commitment to the 
active use of tasks in the classroom is essential." 

However, doing hands-on activities and telling students that this is how- 
children learn best has not proven to be an effective strategy for getting students 
to look into their pedagogy and determine what is effective instruction and whal 
is not. 

In science education courses for prc-servicc and in-service teachers it is 
emphasized that their work in the classroom has two primary objectives: ( I ) to 
help children learn, and, (2) to help children retain what they have learned. 
Talking and reading about better methods to teach elementary school science, 
however, is no guarantee that students will apply these techniques in their 
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classrooms when they teach. This problem gave birth to the idea of doing action 
research with the methods students. Why not use two different approaches to 
teaching the same topic and determine which is better? 

The goal was to involve students as subjects in action research to motivate 
them to consider how pedagogy impacts on teaching effectiveness, and, to 
encourage them to use action research with their school children. Action 
research, while limited in its generalizability, can provide teachers with a 
foundation for selecting effective teaching strategies. 

The action research described here is a simple attempt to involve science 
education students in a test of two methods of learning. The students are the 
subjects. One of the goals of this activity is that having research applied to the 
students themselves will provide a positive example for their understandingof the 
educational advantages of using hands-on, critical thinking activities to teach 
science to children. Another is that they might cognitively recognize the benefits 
, that can be derived by doing research themselves. 

The research question for this activity is: Does participation in an inquiry 
activity promote better learning and retention than a reading activity when 
learning some simple concepts concerning the pendulum? 

Prior to the first session the names on the class lists arc randomly divided into 
two groups of approximately the same size. A short pretest on basic pendulum 
concepts is given in the first week of class. The test includes questions about how 
certain variables affect the period of a pendulum. No preparation time is allowed, 
nor is an explanatory lecture given. The classes arc then divided into the two 
groups. One group is directed to use the texts and references on reserve in the 
curriculum library for about one hour. Several middle-level physical science 
books, which include pendulum information, are among the references available 
for the students. The other group remains in the classroom and uses the materials 
from the Elementary Science Study {WIS) unit on pendulums to investigate the 
problems proposed in the examination. They complete the activities on the 
effects of changes in mass, size of arc, and length of string, then organize their 
data and analyze the results of their inquiry without teacher direction. 

When boih groups arc buck in the classroom a post-test isgiven. The pretest 
and post-test are identical. In the next class session the results of the test data arc 
shared with the students. The postulate that "activity on the part of the learner is 
prefei red to passivity" is discussed. Studcntsare almost always surprised with the 
results.. Their success with the "book" approach in the past has made them 
confident of that method. However, the results of this one action research is often 
enough to convince them that "doing" is better than "reading. 1 ' The class also 
discusses the simple steps of completing action research. 

No further reference to these tests or the pendulum activity is made during 
the next several weeks of the semester. In the next to last session of the class a 
post-posttest is given to secure data regarding their retention of knowledge 
concerning pendulums. These data and the relationship of this new data to the 
results of previous testing are discussed. 
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The pretest, posttest, post-posttest sequence has always provided convincing 
data in regards to the research question. The two comparisons, one for learning 
(pretest to posttest) and one for retention (posttest to post-posttest), usually 
indicate a significant difference in the scores for the two groups. The activity 
group regularly achieves significantly higher than the reading group on both of 
these comparisons when data are analyzed using a t test. A pretest comparison 
usually indicates no significant difference between the two groups on the 
pendulum test prior to the treatment. When the data from the whole study is 
discussed, the overwhelming sentiment of students is,"lf it works for us, it will 
probably work with our students." 

The participants of this action research are personally involved with inves- 
tigating pedagogy with the purpose of convincing them that s .me teaching 
methods are better than others. In this case, that the effect of using hands-on 
involvement to promote the learning of science concepts dealing with pendulums 
is more effective than just reading about these concepts.. The results of this action 
research provide the students with convincing evidence that the use of hands-on 
activities is better pedagogy than the use of reading when the goal is to promote 
student learning and retention. 

Hopefully, by doing action research in the methods classes, preservicc and 
inservice teachers arc encouraged to use action research themselves as one way 
of measuring their effectiveness. This should be a valuable tool for improving 
their instructional success. 
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A Celebration of Learning 



Ronald J. Bonnstetter 



A father and mother approached me at the conclusion of one of our 
Celebrations of Learning with the following comments. v 'Wcjust wanted tothank 
you for all your help in preparing our son to be a great teacher. Today was the first 
time in over 10 years of paying college tuition for our three children, that we have 
seen a real result or outcome. We can not believe how much growth our son was 
able to show, how many skills he now possesses and how clearly he stated his 
future goals." 

These parents had just attended a ninety minute exit presentation to an 
audience that is many times composed of the instructor, other class mates, family 
members, significant others (spouse and/or friends), the student's cooperating 
teacher and others as invited by the student. This last category has included 
professors (from both Arts and Science and Teachers College), and present, 
part-time employers of the presenter. In addition, open invitations arc sent to 
incoming methods students and the cooperating teacher that the methods student 
will have the following semester during his or her student teaching. 



In preparation for this presentation, students have taken at least one methods 
course, a science curriculum class, and had at least two separate semester-long 
practicums. All of this is synthesized as the students construct portfolios that arc 
revised throughout their careers. The portfolio contains at least four general 
categories and serves as the overlying structure for the final presentation: (a) a 
discussion of the teachers' rationale for teaching, (b) samples of products, 
(c) evidence of growth, and (d) a clear plan for future growth and development. 

The Presentation 

The actual presentation takes place during finals week, although large 
classes have used pari of the previous week as well. A sign up schedule with all 
possible open dates and times is posted soon after mid-term and is full within a 
few hours. Because of scheduling concerns, evening slots are also made 
available. This many times is the only way to get cooperating teachers free to 
attend. 

At least one week before the presentation, each student must submit a 
complete lesson plan for the presentation and a guest list. The presentation must 
employ the skills of the prc-scrvicc teacher and be based on sound educational 
research theory. Many of the presentation plans have been built around the 
learning cycle and use such strategics as cooperative groups, activities, computer 
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assisted instruction, as well as large group presentation skills. The key objectives 
for this time is to provide an overview of all four components of their portfolio 
while demonstrating appropriate teacher behaviors. Students have also shown 
segments of prc-post video tapes, examples of products using multimedia 
including hypcrcard stacks, quick-time clips, scanned student products. 



From the very beginning of the semester, students arc working on their 
portfolio. Table 1 is a brief project description that is given to these prc-scrvicc 
teachers as part of their first methods course syllabus. 

Table 1 

The Portfolio: On the Road to the Celebration of Learning 



A portfolio is a systematic, well organized collection of evidence used 
to monitor the growth of a student's knowledge, process skills, and attitudes 
(Bonnstcttcr, 1992). Your portfolio will contain: 

1 . A wel 1 thought out and research supported Rationale for T eadiing that 
describes your present vision and beliefs of teaching and learning. 

2. Products from the Semester such as lesson plans, bulletin boards, exams, 
student projects, student evaluations, video tapes showing you working 
with large groups, small groups, and with individuals. Each of the tapes 
should be coded for teacher behaviors and critiqued in writing. 

3. Evidence of Growth during the semester and/or career make up the third 
criteria. Examples include pre-post video tapes, revised products 
showing various stages of understanding including lesson plans, assess- 
ment instruments, student and teacher assessments and/or journal en- 
tries capturing different stages of understanding. 

4. A Plan for Future Growth represents the final portfolio section. This 
establishes a path or set ol goals for continued professional develop- 
ment. 

Your portfolio is an organized and selective collection of evidence lhat 
documents what you know and what you know how to do in the teaching of 
science. Kach section should consist of documents and/or products which arc 
authentic evidence of your understandings or abilities as well as evidence of 
growth. 

Your portfolio must be developed over time, therefore it will be a 
dynamic form of assessment that will be dratted, revised, and updated 
constantly. In other words, be prepared to add, replace, delete, and reorga- 
nize both yourgoals and evidence as you move through the remainderof your 
teacher preparation program. 
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Your portfolio is rationale -based. It is important for someone review- 
ing your portfolio to clearly see your vision of teaching science and that you 
are able to defend this vision with a sound research -supported base of 
knowledge. In addition to your rationale for teaching section, a statement of 
your three or four most important goals in each of the remainingsections will 
help introduce and focus the reader to see the connection between your goals 
and the evidence supplied. 

, Your portfolio is selective. From all the possible documentation at your 
disposal, you must choose those items that best demonstrate what you have 
accomplished or how you arc moving to accomplish a particular goal. This 
is yet another good example of -where the "right" choices confirm the "less 
is more" statement. 

Your portfolio is reflective. It is extremely important for you to prepare 
short captions that cither precede individual pieces of evidence or arc 
attached in some manner to explain to the reader why this evidence has been 
included and what it shows about your understanding of teaching or your 
teaching abilities. This process will transform "stuff* into meaningful 
evidence that portrays you as an emerging teacher. 

Your portfolio is collaborative. While you have the ultimate responsi- 
bility for developing a portfolio that documents your professional growth 
and development, you need to remember that teacher preparation is not a 
competition. You should consult colleagues for advice and feedback as you 
collect and select evidence and make decisions concerning presentation 
format. With the growing role of technology, the use of hypcrcard stacks and 
quick-time clips should be considered. 

Your portfolio might include: 

1 . An introduction containing your rationale Kir teaching but starting with 
three or four overall goals statements and the advanced organizer for the 
reviewer about your document. The "rationale for teaching" document 
itself will take considerable time as you first draft thoughts and then boil 
them down to a concise five or six page statement. The rationale should 
provide insights into, for example, your understanding concerning: (a) 
why you will teach science, (b) what your goals for science students arc, 
(c) how you will decide what content to provide, (d) what your curricu- 
lum will look like, (c) what you would like students to be doing in the 
classroom, (f) what you will be doing in the classroom, and (g) how you 
will provide evaluation of your program. Some of these sections will 
need research base documentation to both explain and justify your 
vision. 

2. A tabic of contents listing how you have organized your evidence 
sections and what they include. 

X All items you have selected to document your professional understand- 
ing and continued development. 
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4. Captions for individual documents that label, describe, and focus the 
reader toward your intended purpose for including this evidence. 
Captions should be brief, to the point, and clear; they should tell the 
reader what the document is, where it comes from, and what it suggests 
about you. 

Even though the primary audience for the portfolio is you, the develop- 
ing teacher, and your instructor, remember the other potential readers and 
their needs. These additional audiences might include cooperating teachers, 
school district recruiters, colleagues, and other university instructors. You 
may not be standing by for oral explanations, so design your portfolio to 
clearly speak for you and about you. 

Before any trip can begin, you must know where you are going. During 
the first week of this class, course goals will be reviewed and revised based 
on specific needs identified by you and other classmates. These goals will 
serve as the initial criteria for which you should start the collection of 
evidence concerning your understanding of science teaching and your 
professional growth to that end. 

Therefore, to begin building your portfolio; 

1 . Clearly state a set of goals for professional development. In other words, 
list what you hope to accomplish this semester and throughout the rest 
of your teacher preparation program. 

2. Create a personal list of course requirements in a format that makes 
sense to you and contains specific check points in terms of degree of 
completion with calendar dates. 

3. Create a collection of documentation you already have, you will have, 
or you could develop that will demonstrate that you have met or arc 
work ing toward each of the specific goals for professional development 
you have established. 

This portfolio project description was developed after a review of the 
literature and with assistance from English Teacher Educator, Dr. David 
Wilson, who shared his syllabus containing the English Methods "ELATEP 
Portfolio Project." In addition, ideas have been taken and adopted from Dr. 
Linda Vavrus's classroom handout, "Guidelines for Developing a Portfolio 
to Showcase Professional Growth and Learning." 



With the above guidelines for portfolio development in place, the methods 
sequence begins. Without going into another complete article describing the 
rather unique course itself, it may suffice to say that during the class, students arc 
confronted wilh major paradigm shifts, the latest science and general education 
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reform literature, and numerous opportunities to practice and refine their teaching 
skills and understandings. Examples of other learning opportunities that occur 
before student teaching include: 

Bulletin Board or interactive Display 

Each class member is responsible for providing our Science Education 
Center with one or more Bulletin Boards or interactive displays^ Students as a 
group define the characteristics of a quality display, create their display, and use 
criteria to evaluate their own displays as well as the displays of others. Pictures 
arc taken for possible portfolio inclusion. 

Journal Article Review 

Students use the following 3R outline to describe their response to and 
analysis of one article dealing with the teaching of science. The 3R response 
format is divided into three categories: Reaction, Relevance, and Responsibility. 
These categories closely resemble Bloom's Taxonomy of the domains of learn- 
ing — the cognitive, the affective, and the psychomotor. The difference between 
the two nomenclatures is that the 3R Reaction scheme deals with the reaction of 
the affective domain first, rather than the cognitive. The rationale for the 
difference in placement is so the student can become aware of their affective 
response, and then deal with the cognitive merit of the learning regardless of the 
positive or negative affect associated with it. The 3R response format is also used 
by students as they make daily journal entries. When writing a 3R Reaction the 
following guidelines arc followed: 

1. Reaction (Affective Domain, To Feel). What was the reader's response 
(favorable, unfavorable, or mixed)? 'Give at least one example from the 
experience to support the point. 

2. Relevance (Cognitive Domain, To Think). How pertinent is the event to the 
issuc-at-hand (the conceptual framework of the event). The reader should be 
able to recognize and discuss how specific or important (meaningful) the 
event is to the course or issue and give at least one example from the reading 
to support the point. 

3. Responsibility (Psychomotor Domain, To Do). How will the knowledge 
gained from the event be used in the everyday life of the reader? Give at least 
one example of possible application in your personal or professional life. 

Pre~Caur.se Teaching Experience 

During the first week and again at the end of the semester students teach a ten 
minute lesson during c lass time. "You arc to teach a topic of your choosing, based 
on what you know about teaching, and include a discussion within your lesson." 
A lesson plan is also to accompany each presentation. Both lessons arc 
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videotaped and coded for teacher behaviors, interaction patterns and questioning 
strategy development. 

Fourth and Fifth Grade Teaching Experience 

Students prepare an activity, including a lesson plan for third through 
fifth grade gifted students. Each lesson is presented to our class and eight 
activities arc revised for presentation in a nearby school. Only eight activities are 
presented to accommodate the school's eight period schedule and to allow 
manageable class sizes for these neophyle teachers. This activity requires a full 
day and occurs approximately six weeks into the semester. 

Curriculum Project 

First, students prepare a working definition of curriculum and then describe 
the components of their curriculum for a particular course of their choosing. The 
purpose of this activity is for students io become extremely familiar with a 
curriculum project, or a textbook scrie>. 

Professional In \ olvement 

liach student is required to document a minimum of eight hours of profes- 
sional involvement. Examples include Science Education monthly club meet- 
ings, and/or local, state, regional or national professional conventions. At least 
two of these hours should be volunteer work. such as: science fair judging, 
Saturday science programs. Children's Museum, or assisting with an inscrvicc 
presentation. Documentation should include a complete description of activities 
plus personal perceptions as to the value of the experience. All of this material 
may have a place in the portfolio. 

Unit Lesson Plan 

(This experience is to be tied to the practicum.) Students are to develop a 
topic into a unit of lessons that will run approximately 1 5 class days. The unit plan 
should include at least the following: (a) general goals, (b) objectives/outcomes 
tor the unit, (c) major activities or components of the unit, (d) rationale for this 
topic, (c) materials needed (include cosUind source), and (t) list of hazards and 
safety considerations. 

In addition, daily lesson plans must be developed that include at least the 
following: 

1. Specific lesson objectives/outcomes. 

2. Materials needed tor daily lesson. 

.1. A breakdown of components for each lesson with a lime estimate. 

4. Teacher behaviors predicted. 

5. Student behaviors predicted. 
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6. Evaluation: (a) of student (included copies of assessments, portfolios, etc.. 
and (b) of teacher. 

7. Othcritcms: (a) teacher questions that might be asked, (b) where the activity 
might lead (also extension activities), (c) how this might mesh with other 
science and non-science topics, and (d) space for teacher comments upon 
lesson completion. 

Class Participation! Da ily Assignments 

There arc numerous daily assignments. Much of the class time is spent in 
small group and large group discussions of reading assignments. Students arc 
requested to prepare questions and/or comments over readings before these 
readings arc discussed. 

inquiry Based Science Demonstration 

l-ach class member prepares a three to five minute, tcachcr-ccntcred demon- 
stration, including a lesson plan handout for all class members. The presentation 
must model appropriate inquiry hascd teaching strategics. Portfolio entry should 
also be considered. 

Weekly Journal Entries 

This is an opportunity for students to "reflect" on their personal feelings and 
concerns toward teaching, as their philosophy emerges. A minimum of a half 
page entry per week is required and daily entries arc required during special 
activities. Journal entries arc electronically sent to the instructorat least once each 
week. All students arc given a computer with modem at the beginning of the 
methods course and if necessary, they may keep the unit until the fall following 
graduation. The student computer loan program is composed of old IBM model 
XT s which have been donated by local businesses and other University depart- 
ments as updated equipment is purchased. 

Practkum Experiences 

Hach student will have had two practician experiences at the completion of 
his or her methods and curriculum sequence. The first will entail a minimum of 
40 hours of volunteer teaching in an informal setting. The second experience will 
require at least two periods everyday for 10 weeks. A list of recommended 
experiences for the formal practicum include: 

1 . Learn all students' names within the f irst Kvo days. 

2. Write and share observations of class sessions and particular students in 
assigned classes. 

3. Assist with: taking roli. readingbullctins, handing out papers, and setting up 
and breaking down laboratory experiments. 
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4. Grade student papers. 

5. Be familiar with school policies and procedures. 

6. Create a bulletin board and/or window display. 

7. Be involved with students in one-on-onc and small group settings. 

8. Observe one student over the semester and regularly log records on behav- 
iors, interactions, class performance, physical changes, emotional reactions, 
and special needs. 

9. Make explicit lesson plans based on student needs. 

10. Teach as many lessons or portions of lessons as possible. 

1 1 . Plan and teach at least one topic area or complete unit as described in more 
detail in the major activity session. 

12. Take time to reflect on experiences as a "Teacher Assistant." 

13. Experience Team Teaching, not jusl turn teaching. 

14. Demonstrate the use of checks for understanding. 

15. Follow one student for as much of an entire school day and document and 
react to your findings. 

16. Send reflections and reactions electronically to the university instructor, and 
other classmates when appropriate, at least once each week. 

17. Administer an instrument to assess student perceptions concerning your 
interactions and teaching. 



The cry nation-wide concerning portfolios and presentations is focused on 
"how do we assess them." The first step is to rethink our traditional view of 
grading and assessing. Once this has been accomplished and an understanding 
of summative and formative assessment developed, we will look back and 
wonder how we ever justified our antiquated letter and grade point approaches. 
But as an intermediate step, the following generic grade rubric may serve as a 
guide. Each semester this rubric is redefined by the class to best serve their 
developmental needs (sec Tabic 2). 

You also may notice that the rubric applies only to the course outcomes as 
a summative assessment. The portfolio has no assessment rubric and is handled 
as a formative course component. 



Many of the students upon first examination of the course syllabus and goals 
immediately understand why the final iscallcdaCWt'brtmVwu/ 'Learning. As one 
student recently said, "Anyone who lives through this deserves to have a 
celebration." But just as the course syllabus ends with the following statement, 
wc as educators of educators must also remember, that "The love of learning is 
caught, not taught." Portfolios provide the best option yet for each of us to catch 
a life-long love of learning. What about scheduling yourself for a portfolio 
presentation along with your students next semester? 



The Assessment Process 



Summary 
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Table 2 

Science Education Grade Rubric 



A — In addition to carefully completing all course goals and fully 
participating in all discussions and field experiences, an "A" in the methods 
block indicates that a student isextremcly well-qualified in tcrmsof teaching 
skills and possesses the ability to be outstanding during student teaching. 
This student displays quality planning, interacts well with students, shows 
command of subject matter and has ability to discuss a number of issues in 
science education. This student shows creative flair as well as a strong 
commitment to education. This individual is well on the way to becoming 
a formal operational teacher. Furthermore, all of the abovecritcria have been 
systematically documented and presented in his or her portfolio and during 
the Celebration of Learning. 

B, B+ — In addition to completing all assignments and participating in 
all field experiences, a "B or B+" indicates that this student possesses ability 
to plan, interact and deal with issues in science education. This individual 
understands the subject matter andean implement effective lessons. Both the 
portfolio and the Celebration of Learning indicate areas of need that the 
student has identified. This student has established a plan of action to meet 
the needs. 

C+ — This person possesses the basic competencies deemed necessary 
for science teaching. It is assumed that all course goals have been completed. 
This student may be quite successful in some areas and not so successful in 
others. A "C+ M student may need special attention during student teaching 
to insure success and certification. The portfolio and the celebration of 
learning presentation should indicate areas of need but the student may not 
have developed a well thought out plan of action for further professional 
development. 

C — A "C" grade indicates that the student is unsuccessful with the basic 
competencies even though this individual car, direct a classroom given 
support and directions. This student may have achieved many of the course 
goals, but docs not possess the basic competencies necessary to student 
teach. The portfolio and the Celebration of Learning presentation will show 
areas of accomplishment and how these skills will be redirected toward 
another career choice or how the student will back up and correct these 
deficiencies before being allowed to continue into student teaching. 

D. F — Complete failure early in the term will signal a grade of "D or F." 
This individual will be counseled to drop the class and redirect their 
professional goals based on individual strengths. 

This Rubric was originally created by Dr. John E. Pcnick and ha^ been 
modified to serve as a sample for each new class to rework. 
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A Brief Guide 
to ERIC 



t . 

The Educational Resources Information Center 
Office of Educational Research and Improvement 
U.S. Deportment of Education 

What is ERIC? 

The Educational Resources Information Center (ERIC) is a national 
education information network designed to provide users with ready 
access to an extensive 'jody of cducation-reiated literature. Established in 
1%6, ERIC is supported by the U.S. Department of Education, Office of 
Educational Research and Improvement. 

The ERIC database, the world's largest source of education 
information, contains over 735.000 abstracts of documents and journal 
articles on education research and practice. This information is available 
at more than 2,800 libraries and other locations worldwide. 

You can access the ERIC database by usingthc print indexes Resources 
in Education and Current Index to Journals in Education, online search 
services, or CD-ROM at many libraries and information centers. The 
database is updated monthly (quarterly on CD-ROM). 

The ERIC System 

The ERIC System, through its 16 subject-specific Clearinghouses, 4 
Adjunct Clearinghouses, and four support components, provides a variety 
of services and products that can help you stay up to date on a broad range 
of education-related issues. Products include research summaries, 
publications on topics of high interest, newsletters, and bibliographies. 
ERIC system services include computer search services, reference and 
referral services, and document reproduction. ACCESS ERIC, with its 
toll-free number, 1-800-LET-ER1C, informs callers of the services and 
products offc; :d by ERIC components and other education information 
service providers. 
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ERIC Reference and Referral Services 

1 With the world's largest educational database as a resource, ERIC 
staff can help you find answers to education-related questions, refer you 
to appropriate information sources, and provide relevant publications. 
ERIC components answer more than 100,000 inquirtescach year. Questions 
should be directed to ACCESS ERIC or a specific Clearinghouse. 

Specific documents: Requests for documents in the ERIC database 
for which you have an accession number (ED number) should be 
referred to an information provider near you. Call ACCESS ERIC to 
locate the nearest ERIC education information provider. 

Subject-specific topics: Subject-related quest ions should be directed 
to the particular ERIC Clearinghouse whose scope is most closely 
associated with the subject matter involved. Or, call ACCESS ERIC 
for a referral. 

Computer searches: Requests for a computer search should be 
directed to one of the search services listed in the Directory of ERIC 
Information Service Providers, available from ACCESS ERIC. 

ERIC Clearinghouse publications: Requests for a publication 
produced by an ERIC Clearinghouse should be directed to the specific 
Clearinghouse. 

Major ERIC Products 

ERIC produces many products to help you access and use the 
information in the ERIC database: 

Abstract Journals: ERIC produces two monthly abstract journals. 
Resources in Education (RIE), a publication announcing recent 
education-related documents, and the Current Index to Journals in 
Education (C1J E), a periodical announcing education-related journal 
articles, is available through Oryx Press (1-800-457-6799). Many 
libraries and information centers subscribe to both monthly journais. 

All About ERIC: This guide provides detailed information on ERIC, 
its products and services, and how to use them. Free copies arc 
available from ACCESS ERIC. 

S ; 



247 



BEST COPY AVAILABLE 



A Brief Guide to ERIC * 239 



Catalog of ERIC Clearinghouse Publications: The Catalog lists 
publications produced by the ERIC Clearinghouses and support 
components, prices, and ordering information. Free copies of the 
Catalog are available from ACCESS ERIC. 



The ERIC Review: This journal discusses important ERIC and 
education-related developments. For a copy, call ACCESS ERIC. 

Information Analysis Products: ERIC Clearinghouses produce 
reports, interpretive summaries, syntheses, digests, and other 
publications, many free or for a minimal fee. Contact the Clearinghouse 
most closely associated with your interests for its publications list. 
Call ACCESS ERIC for a free copy of the Catalog of ERIC 
Clea ringhouse Publications. 

Microfiche: The full text of most ERIC documents is available on 
microfiche. Individual documcntsandbackcollcctionson microfiche 
arc available. Call the ERIC Reproduction Document Service (F.DRS) 
for more information. 

Thesaurus of ERIC Descriptors - The complete list of index terms 
used by the ERIC System, with a complete cross-reference structure 
and rotated and hierarchical displays, is available from Oryx Press. 

ERICTAPES- Computer hipcsofthc ERIC database arc available by 
subscription or on demand from the ERIC Facility (write for a price 
list). 

ERIC Document Delivery 

Documents: EDRS is the primary source for obtaining microfiche or 
paper copies of materials from the ERIC database. EDRS can provide 
full-text copies of most documents announced in Resources in 
Education (RIE), and ERIC's microfiche collection is available by 
monthly subscription from EDRS. EDRS also sells microfiche and 
papcrcopics of individual documcntson request. For more information, 
call EDRSat(8()0)4^-F.RIC. 
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Journal Articles: Two agencies that provide reprint services of most 
journal articles announced in Cur rem Index lo Journals in Education 
(CUE) are listed below. Some journalsdo not permit reprints; consult 
your local university or local library to locate a journal issue. Or, write 
directly to the publisher. Addresses are listed in the front of each 



University Microfilms International (UMI) 
Article Clearinghouse 
300 North Zceb Road 
Ann Arbor. MI 48106 
Telephone: (800) 732-0616 

Institute for Scientific Information (1SI) 
Genuine Article Service 
3501 Market Street 
Philadelphia, PA l»|04 
Telephone: (8(H)) 523-1850 

ERIC Information Retrieval Services 

The ERIC database is one of the most widely used bibliographic 
databases in the world. Last year, users from 90 diffcrc. countries 
performed nearly half a million searches of the database. The ERIC 
database currently can be searched via four major online and CD-ROM 
vendors (listed below). Anyone wishing to search ERIC online needs a 
computer or terminal that can link by telephone to the vendor's computer, 
communications software, and an account with one or more vendors. 

The Directory of ERIC Information Providers lists the address, 
telephone number, and ERIC collection status for more than TO agencies 
that perform searches. To order a copy, call ACCESS ERIC ( I -H00-LET- 
ER1C). 

Online Vendors 

BRS Information Technologies 
8000 Westpark Drive 
McLean. VA 22102 
Telephone: (703) 442-0000 
(800)289-4277 
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Dialog Information Services 
3460 Hillview Avenue 
Palo Alto, CA 94304 
Telephone: (4 1 5) 858-2700 
(800) 334-2564 

OCLC (Online Computer Library Center, Inc.) 
6565 Frantz Road 
Dublin, OH 43017-0702 
Telephone (614) 764-6000 
(800) 848-5878 (Ext. 6287) 

CD-ROM Vendors 

Dialog Information Services (same address as above) 

Silver Platter Information Services 
One Newton Executive Park 
Newton Lower Falls, MA 02162-1449 
Telephone: (617) 969-2332 
(800) 343-0064 

ERIC Components 

Federal Sponsor 

Educational Resources Information Center (ERIC) 

U.S. Department of Education 
Office of Educational Research and Improvement 
(OER1) 

555 New Jersey Avenue N. W. 
Washington, DC 20208-5720 
Telephone: (202)219-2289 
Fax: (202)219-1817 
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Clearinghouses 

Dr. Susan lmel, Director 

ERIC Clearinghouse on Adult, Career, & Vocational Education 

CETE/Thc Ohio State University 

1900 Kenny Road 

Columbus, OH 43210-1090 

Telephone: (614) 292-4353; (800) 848-4815 

Fax (614)292-1260 

Internet: cricacvc(« magnus.acs.ohio-statc.edu 

Dr. Lawrence M. Rudncr. Director 

ERIC Clearinghouse on Assessment and Evaluation 

The Catholic University of America 
Department of Education 

209O'Boylc Hall j 

Washington, DC 20064 

(202) 319-5120 

Internet: eric_ac(r/ cua.edu 

Dr. Arthur M. Cohen, Director 

ERIC Clearinghouse for Community Colleges 

University of California at Los Angeles (UCLA) 

3051 Moore Hall 

Ins Angeles. CA 90024-1521 

Telephone: (310) 825-3931; (800) 832-8256 

Fax: (213) 206-8095 

Internet : ech3usc(u mvs.oac.ucla.edu 

Dr. Garry R. Walz, Director 

ERIC Clearinghouse on Counseling and Student Services 

University of North Carolina at Greensboro 

School of Education 

1000 Spring Garden Street 

Greensboro, NC 2741 2-5001 

Telephone: (919) 334-41 14 

Fax:(919)334-4116 

Internet: blcucrjfri iris.uncg.edu 
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Dr. Bruce A. Ramirez, Director 

ERIC Clearinghouse on Disabilities and Girted Education 

Council for Exceptional Children 

1920 Association Drive 

Reston, VA 22091-1589 

Telephone: (703) 264-9474; (BOO) 328-0272 

Fax: (703) 264-9494 

Internet: cricuc(a inct.ed.gov 

Dr. Philip K. Pielc. Director 

ERIC Clearinghouse on Educational Management 

University of Oregon 

1 787 Agate Street 

Eugene, OR 97403-5207 

Telephone: (503) 346-5043; (800) 438-8841 

Fax: (503) 346-5890 

Internet : ppiclcfc oregon.uorcgon.edu 

Dr. Lilian Katz, Director 

ERlCClearinghouseon Elementary & Early Childhood Education 

University of Illinois 

805 W. Pennsylvania Avenue 

Urbana, IL 61801-4897 

Telephone: (217) 333-1386; (800) 583-4135 

Fax (217) 333-5847 

Internet: criceccc(?/ uxl.cso.uiuc.edu 

Dr. Jonathon D. Fife, Director 

ERIC Clearinghouse on Higher Education 

The George Washington University 
One Dupont Circle N.W., Suite 630 
Washington, DC 20036-1 183 
Telephone: (202) 296-2597 
Fax: (202) 296-8379 
Internet: criche(" inct.ed.gov 
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Dr. Michael B. Eisenberg, Director 

ERIC Clearinghouse on Information & Technology 

Syracuse University 

4-194 Center for Science and Technology 

Syracuse, NY 13244-4100 

Telephone: (315) 443-3640; (800) 464-9107 

Fax: (315) 443-5732 

Internet: eric@ericir.syr.edu 

AskERIC (Internet-based question-answering service): 
askeric@ericir.syr.edu 



Dr. Charles W. Stansfield, Director 

ERIC Clearinghouse on Languages and Linguistics 

Center for Applied Linguistics (CAL) 

1 118 22nd Street N.W. 

Washington, DC 20037-0037 

Telephone: (202) 429-9551 and (202) 429-9292 

Fax: (202) 429-9766 and (202) 659-5641 

Internet: cal(aguvax.gcorgetown.edu 

* Includes Adjunct ERIC Clearinghouse on Literacy Education for 
Limited English Proficient Adults 

Dr. Carl B. Smith, Director 

ERIC Clearinghouse on Reading, English, and Communication 

Indiana University 

Smith Research Center (SRC), Suite 150 

2805 East 10th Street 

Bloomington, IN 47408-2698 

Telephone: (812) 855-5847; (800) 759-4723 

Fax: (812) 855-7901 

Internet: ericcs(a ucs.indiana.edu 

Mr. Craig Howlcy. Director 

ERIC Clearinghouse on Rural Education and Small Schools 

Appalachia Educational Laboratory (AEL) 

1031 Quarricr Street 

P.O. Box 1348 

Charleston, WV 25325-1348 

Telephone: (304) 347-0400; (800)624-9120 

Fax: (304) 347-0487 

Internet: u56d9(u wvnvm.wvnct.edu 
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Dr. David Haury, Director 

ERIC Clearinghouse on Science, Mathematics, and Environmental 
Education 

The Ohio State University 
1929 Kenny Road 
Columbus, OH 43210-1080 
Telephone: (614) 292-6717 
Fax (614) 292-0263 
Internet: cricse(« osu.edu 

Dr. John Patrick, Director 

ERIC Clearinghouse on Social Studies/Social Science Education" 

Indiana University 

Social Studies Development Center (SSDC) 

2805 East 10th Street. Suite 120 

Bloomington, IN 47408-2698 

Telephone: (812) 855-3838; (800) 266-3815 

Fax:(812)855-7901 

Internet: cricso(u ucs.indiana.edu 

** Includes Adjunct ERIC Clearinghouse on Art Education; and the 
National Clearinghouse [or U. S. -Japan Studies 

Dr. Mary Dilworth, Director 

ERIC Clearinghouse on Teaching and Teacher Education 

American Association of Colleges for Teacher Education (AACTF) 

One Dupont Circle N.W.. Suite 610 

Washington, DC 20036-1 186 

Telephone: (202) 293-2450 

Fax: (202) 457-8095 

Internet: jbeck(« inct.ed.gov 

Dr. Erwin Flax man. Director 

ERIC Clearinghouse on Urban Education 

Teachers College, Columbia University 

Institute for Urban and Minority Education ; 
Main Hall, Room 303, Box 40 
525 West 120th Street 
New York, NY 10027-9908 
Telephone: (212) 678-3433; (800) 601-4868 
Fax (212)678-4048 
Internet: cric-cuc(<i columhia.edu 
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Adjunct Clearinghouses 
Chapter 1 

Chapter 1 Technical Assistance Center j 
2601 Fortune Circle East j 
One Park. Fletcher Building, Suite 300-A 
Indianapolis, IN 46241-2237 
| Toll Free: (800) 456-2380 
Telephone: (317) 244-8160 
Fax: (3 17) 244-7386 



Clinical Schools 

American Association of Colleges for Teacher Education 
One Dupont Circle, NW, Suite 610 
Washington, DC 20036-1186 
Telephone: (202) 293-2450 
Internet: iabdalhaCainct.cd.gov 

Consumer Education 

National Institute for Consumer Education 

207 Rackham Building, West Circle Drive 

Eastern Michigan University 

Ypsilanti, MI 48197-2237 

Toll Free: (800) 336-6423 

Telephone: (313) 487-2292 

Internet: csc_honncr(« cmunix.cmich.edu 

ESL Literacy Education 

Center for Applied Linguistics 
1118 22nd Street NW 
Washington, DC 20037 
Telephone: (20.;) 42<>-92^2 (ext. 200) 
Internet: cal(n guvax.gcorgctown.edu 

Law -Related Education 

Indiana University 
Social Studies Development Center 
2805 East 10th Street. Suite 120 
Bloomington, IN 47408-26^8 
Toll Free: (8(H)) 266-3815 
Telephone: (8 1 2) 855-3838 
Internet: cricso(« ucs.indiana.edu 
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Test Collection 

Roscdale Road 
Princeton, N J 08541 
Telephone: (202) 319-5120 
Internet: eric(a ae(acua.cdu 

U. S.-Japan Studies 

Indiana University 

Social Studies Development Center 

2805 East 10th Street, Suite 120 

Bloomington, IN 47408-2698 

Fax:(812)855-7901 

Support Components 

ACCESS ERIC 
Aspen Systems Corporation 
1600 Research Boulevard 
Rockvillc, MD 20850-3 166 
Telephone: (800) LET-ERIC 
Fax: (301) 251-5212 

ERIC Document Reproduction Service 
7420 Fullerton Road, Suite 1 1U 
Springfield, V A 22153-2852 
Telephone: (301 ) 258-5500; (800) 443-ER1C 
Fax: (301)948-3695 

ERIC Processing and Reference Facility 
1301 Piccard Drive 
Rockvillc, MD 20850-4305 
Telephone: (301)258-5500 
Fax:(301)948-3695 

Oryx Press 

4041 North Central Ave.. Suite 700 
Phoenix. AZ 85012-3399 
Telephone: (602) 265-2651; (800) 279-ORYX 
Fax: (602) 265-6250; (8(H)) 27<Mfi63 
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How to Submit Documents to ERIC 



ERIC collects a variety of materials on education-related topics. 
Examples of materials included in the database: 

Research reports 
Instructional materials 
Monographs 
Teaching Guides 
Speeches and presentations 
Manuals and handbooks 
Opinion papers 

Submissions can be sent to the Acquisitions Department of the ERIC 
Clearinghouse most closely related to the subject of the paper submitted, 
or sent to the ERIC Processing Facility. 
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